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PREFACK TO THE FIRST EDITION, 


Wuity the intention of the author in writing this text- 
book of Botany has been to provide a work that will be an 
efficient introduction to the subject, it includes all the types 
set for the London University Intermediate Science and 
Preliminary Scientific Examinations, for which it is 
specially adapted. Throughout, in both text and illustra- 
tion, the author has aimed at presenting the chief facts in 
the structure and life-histories of the types selected as 
simply and as clearly as possible. At the same time an 
endeavour has been made, wherever possible, to direct the 
student’s attention to the leading principles underlying 
these facts. 

It has been considered advisable, in order to secure 
compactness of treatment and to avoid confusing digressions 
in later chapters, to devote the first part of the text-book 
to the general facts of structure and physiology. Needless 
to say, it is not expected that the student will be able to 
master the contents of the opening chapters at the first 
reading. 

All the illustrations have been specially drawn and 
special precautions have been taken to make them clear 
and helpful. Diagrams of subjects from nature cannot in 
most cases materially differ in different text-books, but 
some of the figures in this work will be found to be quite 
new. It is hoped that the plan adopted for indicating the 
various parts of the figure will materially assist the student 
in his reading. 

The author desires to express his indebtedness to the 
following standard works to which reference has frequently 
been made : 
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Vines’ Student's Text-Book of Botany, Scott's Structural 
Botany, Willis’ Flowering Plants and Ferns, Green’s Manual 
of Botany, Goebel’s Outlines of Classification, Strasburger’s 
Text-Book of Botany. The classification of tissues, pp. 
41-48, is in accordance with the excellent arrangement 
given by Professor Vines. 

The sincere thanks of the author are due to Mr. A. M. 
Davies, B.Sc., F.G.S., for his kindness in reading the 
proof sheets, and for many valuable suggestions. 


University ‘'urorisat. COLLEGE, 
October, 1898. 


PREFACE TO THIRD EDITION, 


In Parts I—TIII. various alterations and additions 
have been made. ‘The more important of these are on 
pp. 155-157, 197-199, 220-221, which have been partly 
rewritten, und on p. 304 where a note on “Double 
Fertilization’ has been added. 

The life-history of Claviceps purpurea, the Ergot of Rye, 
has been introduced in Part IV., and a description of 
twenty additional Natural Orders, with over fifty new 
diagrams, is given in the Appendix. The Index also has 
been enlarged. 

It is hoped that these changes will render the text-book 
still more suitable for general readers, and for students 
preparing for special examinations. 


September, 1908. 
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INTRODUCTORY. 


§ 1. Botany is the science which deals with the phenomena 
of plant-life. It considers the form and structure of 
plants, their functions and life-histories; it studies the 
various processes of their growth and development; and, 
by carefully noting the resemblances and differences 
discernible between them, it attempts to draw up an 
ordered scheme or classification, expressing as clearly as 
possible their affinities or relationship to one another. 


§ 2. Subdivisions of the Science. Plants, like animals, 
may be studied in different ways or from different points 
of view. These constitute different subdivisions or de- 
partments of Botanical Science. Of these the most im- 
portant, and the only ones which closely concern us here, 
are Morphology and Physiology. We may indicate the 
scope of these by considering a particular plant—let us 
say the Sunflower. Naturally we should first of all give 
our attention to external features. We should find that 
the plant consists of certain well-defined parts or members 
-—roots, stems, leaves, flowers, etc. ; that, speaking generally, 
these have approximately the same forms in all sunflowers 
of the same species, while they differ in many respects 
from those of other plants; that the stem branches, and the 
branches have a definite position in relation to the leaves. 
By comparing the relative positions of the members in the 
sunflower with those in other plants it would be ‘possible 
to draw up a classification of plant-members. A study of 
this kind, dealing with the external forms and relative 
positions of plant-members, is called External Morphology. 
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We might then wish to get some knowledge of the internal 
parts of these various members, For this purpose we 
should take various sections of the stem, root, leaf, etc., 
or examine these in various other ways. Such a study, 
dealing with internal structure, is called Internal Morpho- 
logy. It may be carried on in two ways. First, we might 
content ourselves with the naked-eye appearance of the 
internal parts, and examine only the coarser features. 
This is Anatomy. Secondly, we might undertake a closer 
study with the help of the microscope, and make out the 
finer features of structure—the cells and tissues of the 
plant-body. Thisis Histology. Evidently, then, morphology 
has regard only to the form and structure of plants, and 
pays no attention to the vital processes which are carried 
on. But we might carry our morphological studies much 
further than this. Instead of examining the sunflower at 
any one particular stage in its growth, we might study the 
form and structure, exhibited through all the stages, and 
observe the changes which take place. Beginning with the 
seed, we could make out the parts of the embryo plant 
contained in the seed; we could notice the gradual growth 
of the root and stem, and the formation of leaves; we 
could study the origin and growth of branches; finally, 
we could make a study of the flower and investigate the 
morphological changes which lead up to the formation of 
another sced. This is a study of Development. It seeks to 
discover the earliest beginnings of the organism and to trace 
the changes and modifications which occur in passing from 
one stage to another. Development might be defined as a 
history of the morphology of an organism. Another 
morphological study is Classification. It is based on 
Comparative Morphology and Development. Here the 
forms and structures of plants in all stages of their life- 
tistories are studied and compared, and according to the 
resemblances and differences perceived the plants are 
arranged or classified. 

The physiologist would approach our sunflower plant in 
quite a different frame of mind. Neglecting for the moment 
its form and structure, he would set himself such questions 
as :—How does the plant obtain nourishment? What is 
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the nature of its food-material? low are these food- 
materials assimilated? What is growth? What processes 
are carried on in connexion with growth? How is the 
plant affected by its environment? What influence have 
light, heat, etc., on plant growth? How is reproduction 
carried on?—etc. To give an answer to these and all 
such questions belongs to Physiology. ‘Thus Physiology 
concerns itself with the various life-processes—that is, with 
the functions necessary for the welfare of the individual 
and the perpetuation of the species. Jt regards form and 
structure as of merely secondary importance, and to be 
discussed only in so far as they aid in the elucidation of 
function, In this connexion the various parts of the 
organism are considered as organs adapted to the per- 
formance of various functions. 


§ 3. General Classification of the Plant Kingdom. There 
is no need to enlarge on the infinite variety of form 
presented in the Vegetable Kingdom. The beginner in 
Botany is sufficiently impressed with it. The refuge from 
hopeless confusion is found in Classification. At the out- 
set a certain advantage will be obtained if the student 
obtains, as it were, a bird’s-eye view of the country he is 
about to enter. for this reason, and also because it will 
serve as a convenient table of reference, we venture at this 
early stage to give a general classification indicating clearly 
the position of the various plant-types we shall consider 
in the following pages. In very much the same way as we 
might ask the student to think of a bird, a fish, an insect, 
and a mussel, and notice how very different they are from 
each other, so we would ask him to consider and contrast 
four plant-types-——namely, a buttercup, a fern, a moss, and 
a seaweed. In a general way, he will recognise that they 
present considerable differences from each other—tho 
buttercup alone has flowers—the fern has a stout under- 
ground stem, roots and leaves—the moss is a much more 
delicate plant, with stem and leaves but no true roots—the 
seaweed bears no wembers resembling the stem and leave: 
of the other types. Now, these four plants may be taken 
as types of the four chief groups of the Plant Kingdom. 
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These and the more important subdivisions are represented 
in the following scheme :— 


A. Thallophyta. 
(i) Alge—mostly aquatic plants, including the 
seaweeds and various fresh-water forms ; e.g. 
Fucus, Sp'rogyra, Ulothrix, Vaucheria. 
(ii) Fungi, including moulds, toadstools, etc. ; eg. 
Agaricus, Pythium, Eurotium, Saccharomyces. 


B. Muscinee or Bryophyta, including the mosses and 
liverworts, e.g. Marchantia, Funaria. 


C. Pteridophyta, or Vascular Cryptogams, eg. ferns 
and selaginellas (also horse-tails and clubmosses). 


D. Phanerogams, Spermaphyta or Flowering Plants. 

(i) Gymnosperms, ¢.g. Pinus, the pine, the com- 
monest species of which is Pinus sylvestris, 
the Scots fir (also the larches, spruces, yews, 
cedars, cypresses, etc. ). 

(ii) Angiosperms—the highest or typical Flowering 
Plants. 

(a) Monocotyledons, e.g. grass, lily, nar- 
cissus, orchid, ete. 

(b) Dicotyledons, e.g. sunflower, buttercup, 
rose, ete. 


The Flowering Plants were called Phanerogams because, 
bearing flowers, and forming seed, their method of re- 
production was regarded as clear or evident (Gr. davepos, 
evident ; yauos, marriage); the other groups, Thallophyta, 
Bryophyta, and Pteridophyta, were grouped together as 
Cryptogams, because their reproductive processes, it was 
thought, were hidden or concealed (Gr. xpumros, hidden ; 
yopos). These terms are still retained, although they have 
lost their original significance. The reproduction of the 
Cryptogams has been fully elucidated, and, as a matter of 
fact, is more evident than that of the Phanerogams, 
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CHAPTER I. 
EXTERNAL MORPHOLOGY AND PHYSIOLOGY. 


§ 1. Unicellular and Multicellular Plants. The lowest 
plants are of microscopicsize and havea very simple structure. 
For example, in a simple Alga called Plewrococcus (fig. 1), 
each individual consists of a little round vesicle filled 
with a slimy granular substance 





called protoplasm, in which 1s /XCCELL WALL 
embedded a denser protoplasmic we CHLOROPLAST 
NUCLEUS 


body, the nucleus, along with 
others, the chloroplasts, through x 
the substance of which is diffused Vig. 1.—Cexz ov Pueunococcus. 
a green colouring matter called 

chlorophyll. Such a structure is called a cell. The lowest 
forms of plant-life are one-celled or unicellular. In all 
except these very simple forms the plant-body is multi- 
cellular, i.e. it consists of numbers of cells aggregated to- 
gether and closely united with each other. 


§ 2. Differentiation. In unicellular plants all the vital 
functions are carried on by the single cell; but in multi- 
cellular forms, as a rule, different parts of the organism 
take on different functions, and each part has a form 
and structure adapted to the performance of its particular 
function. Members which have special forms adapting 
thcm to the performance of particular functions are said to 
be specialized. Thus the organism consists of parts or 
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members differing from each other. Seeing that these 
various functions are carried on for the good of the 
organism as a whole, it is evident that in such an organism 
there is Division of Labour. The distribution of functions 
which characterises this division of labour is called Phy- 
siological Differentiation ; and the marking off of distinct 
members serving as the organs of particular functions, 
which is correlated with it, constitutes Morphological 
Differentiation. It is evident that morphological and 
physiological differentiation go hand in hand. In the lower 
forms, the functions carried on are very simple and general, 
and there is comparatively little division of labour, so that 
morphological differentiation is only slightly marked. As 
we ascend from lower to higher forms, however, we find 
that the arrangements become more and more numerous 
and complex, and the division of labour correspondingly 
extensive. Hence. it is in the highest plants that we meet 
with the most pronounced and 
far-reaching differentiation of 
‘members. As a matter of 

ax. fact, speaking generally, we 
fi’). distinguish between lower and 
Lh higher forms by the degree of 
differentiation and division of 


bs) labour exhibited in each case. 


§ 3. The Thallus. Amongst 
the Thallophyta (p. 4) the 
plant - body is very simple. 
It may be unicellular; when 
multicellular, it usually con- 
sists of a flattened membranous 
expansion, or of a mass of 

Fig. 2.—Part or a Branonep - Uranched or unbranched fila- 

FILAMENTOUS THALLUS. ments (fig. 2). Various mem- 
. bers are in many cases more 
or less distinctly differentiated. As a rule, however, there 
is no clearly marked separation into distinct members 
corresponding to the root, stem, and leaf of higher plants. 
In the higher forms only of Thallophyta do we find 
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indications of such a differentiation. For the most part, 
the lateral outgrowths reproduce the structure of the part 
from which they spring. A vegetative structure of this 
kind is called a thallus. It is specially characteristic of 
the Alge and Fungi—although not confined to these— 
hence the name Thallophyta for the division in which they 
are placed. 


§ 4. Shoot and Root. Jn plants above the Thallophytes, 
the plant-body usually exhibits a differentiation into 
distinct members, which becomes more marked and more 
complex as we pass from lower to higher types, In these 
plants a descending portion, which serves to fix the plant 
in the soil and absorb nourishment, is usually clearly 
distinguished from a part whose tendency is to pass up- 
wards towards the light. These parts are known as the 
root and the shoot. Plants exhibiting this differentiation, 
including Bryophyta, Vascular Cryptogams, and Flowering 
Plants, are called Cormophytes to distinguish them from 
the Thallophytes. The shoot is nearly always further 
differentiated into stem and leaf (leafy shoot), The differ- 
entiation of root probably arose in adaptation to terrestrial 
conditions of life—the earlier and more primitive plants 
being aquatic Thallophytes. 


§ 5. Vegetative Shoot and Reproductive Shoot. In 
many Vascular Cryptogams the same shoot carries on the 
nutritive or vegetative functions and bears the reproductive 
organs; but in others there is a differentiation of two 
kinds of shoots—one purely vegetative, the other re- 
productive. This differentiation is carried still further in 
the Flowering Plants, where the reproductive shoots (floral 
region of the plant) are clearly marked off in most cases 
from the vegetative shoots (the foliage region), Our con- 
ceptions of stem and leaf structures are derived from a 
consideration of the foliage or vegetative region of the 
plant. Nevertheless, the flower, although in appearance 
altogether different, consists, like the foliage or vegetative 
shoot, of stem and leaf structures, only these have been 
very highly specialized in adaptation to the special functions 
which they carry on. - 
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§ 6. Higher Differentiation or Specialization of Members. 
In the Flowering Plants, the members take on very various 
and often highly specialized or complex functions. In 
each case the special form and structure of the member 
are adapted to the performance of its special function. 
This is why in the flowering plants we meet with such a 
countless variety in the form of the various members. In 
both vegetative and floral regions, even of the same plant, 
stems and leaves may have many different forms, according 
to the special functions which they perform. When the 
specialization is of a very extreme character, there is 
often a difficulty in realizing that the structures under 
consideration are really stem or leaf structures—as e.g. in 
the pitcher-plant, where the leaves take the form of 
pitchers. Such highly specialized forms are spoken of as 
“‘ modifications.” These so-called “‘ modified” forms of 
stems, leaves, and roots are extremely numerous and in- 
teresting, and we shall have to deal with them in detail 
when we come to consider fully the morphology of these 
members. At present it is- desirable that the student 
should recognize that these highly specialized forms have 
arisen simply as adaptat.ons to a special environment 
and for the performance of special functions. 


§ 7. Plant-Members. ‘Thus in the higher plants three 
chief categories of members—members of the first rank— 
are recognized, viz.: roots, stems, and leaves. According 
to the various well-marked “specializations” met with, 
these may be subdivided into members of secondary rank ; 
thus leaves may be subdivided into foliage leaves, floral 
leaves, and so on. And these again may be subdivided. 
In each category or group the members are morphologically 
similar, but members belonging to different groups are 
dissimilar. Thus stem and leaf, stem and root, are ex- 
amples of dissimilar members. 


§ 8. Appendages or Outgrowths, In addition tomembi rs 
which are included in one or other of the above categories, 
other members of subordinate rank are found in plants. 
They are of the nature of appendages or outgrowths of the 
members of the first order. ‘Their forms are innumerable, 
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for they include all the different kinds of hairs, prickles, 
ete. ‘I'hey may be developed on all parts of the plant, but 
chiefly on stem and leaf structures. Many roproductive 
bodies originate as special outgrowths or appendages on 
stem or leaf structures. 


§ 9. Symmetry of Plant-Members. Plant-members 
usually exhibit more or less well-marked symmetry. 
They may be divided in certain directions so as to give 
similar halves. ‘The forms and degrees of symmetry are 
various, the two chief ones being :— 


(a) Radial Symmetry.—Where the member can be 
divided into similar halves by a number of 
planes (two or more) passing through some 
particular axis. 

(6) Bilateral Symmetry.— Where the member can be 
so divided by only one or, at most, two planes. 


For example, most stems and roots have radial symmetry ; 
they are usually perfectly symmetrical round their longi- 
tudinal axis; so also many flowers, and a few cylindrical 
leaves (centric leaves, ¢.g. the onion). 

There are two kinds of bilateral symmetry :—(i) the 
member may be divisible in two planes at right angles. 
In this case the halves formed by division along one plane 
resemble each other, but differ from the halves formed by 
division along the other plane. Thus the walnut may be 
divided along the line which separates the two valves of 
the fruit, or at right angles to this. So also the leaf of 
the iris. It is a vertical leaf and shows similar right and 
left surfaces. Jt may be divided longitudinally either 
parallel to these surfaces or at right angles to them, This 
form of symmetry is known as the isobilateral. (ii) There 
may be only one plane of symmetry. Here the symmetry 
is zygomorphic and the member is monosymmetrical. 
Examples of this are common. It is seen in many flowers, 
e.g. the pea or violet. When the zygomorphic symmetry 
is such that distinct lower and upper surfaces can be dis- 
tinguished, the members are said to be dorsiventral, This is 
the cave in the common or bi/acial type of leaf. 
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§ 10. Branching of Members. The various members 
of a plant may bear other members either like or unlike 
themselves, 7.¢. similar or dissimilar. Thus roots may bear 
lateral secondary roots, 7.e. similar members ; stems may 
bear secondary stems and leaves, i.e, both similar and 
dissimilar members. The development of similar members 
is called branching. 

There are two chief ways in which branches may be 
produced—two chief types of branching :—(A) dichotomous 
branching (fig. 3, a); (B) lateral branching (fig. 3, 3, c). 

In dichotomous branching the 

growing apex of a stem or a root 

< is divided into two and each pait 
grows out into a branch. ‘The 

branching in this case consists of 
a series of bifurcations. True 
dichotomy is comparatively rare, 
at least in the higher plants, It 
probably does not occur at all in 
the -Flowering Plants; but ex- 
amples of dichotomous branching 
are found in the Vascular Crypto- 
gams and Bryophyta, and are 
common amongst Thallophytes. 
In lateral branching the branches 
I arise as lateral outgrowths a 
Fig, 8.—ForMs or Braxcninc. short distance behind the extreme 
2 eae os ae aa apex of the growing region of 
the parent member. This is the 

characteristic mode of branching in the Flowering Plants. 
If the parent member continues to grow, and develops 
numerous lateral branches, one after the other, the lateral 
branching is said to be indefinite or racemose (fig. 3, 3). 
If, as is nearly always the case, these numerous lateral 
branches are produced in regular order, and in such a 
way that the youngest lie nearest the apex, they are said 
to be developed in acropetal succession. If, however, the 
parent member ceases to grow after producing one or a very 
few branches, and the growth is continued by these branches 
repeating the process, the lateral branching is said to be 











2 
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definite or cymose. Thus in fig. 3, c, axis 1 produces axis 2 
and ceases to grow ; 2 produces 3; 3 produces 4; and so on. 


A. Dichotomous. 

BL. Lateral. 

(a) Indefinite or Racemose (Monopodial). 
(b) Definite or Cymose. 

Here we have a general table of branching which will 
be supplemented and illustrated in connection with the 
detailed description of the morphology of roots, stems, 
ieaves, and inflorescences. 

§ 11. Nutrition and Growth. We have already seen that 
the lowest forms of plants are unicellular. In typical cases 
the cell ($ 1) consists of a nucleated speck of protoplasm 
coloured green by chlorophyll and enclosed in a delicate 
membrane or cell-wall. he protoplasm is the Living 
substance of the cell. The cell-wall merely supports and 
protects the protoplasm. If we examine such an organism 
carefully we find that it grows in size and reproduces itself. 
Now it is evident that there must be some source from 
which it draws food-materials, and certain vital processes 
or functions must be carried on in order that these 
materials may be assimilated or built up into its own 
substance. ‘T’hese processes are the same in kind as are 
carried on by all green plants, but in these unicellular 
plants they are all performed by a single cell, and may 
therefore be studied in their simplest forms. 

The first consideration is that food-materials, of whatever 
kind they may be, cannot, owing to the presence of a definite 
cell-wall, enter the cell in solid form, but must do so 
in solution. Here we have what is sometimes regarded 
as a fundamental distinction between a plant and an 
animal. All plants take in their food-matertal in solution. 

Our green unicellular plant grows either in water or on 
some moist substratum, This water, with various substances 
in solution, passes by diffusion through the cell-wall and is 
absorbed into the interior of the cel], ‘The dissolved sub- 
stances are of a very simple character. The most important 
of them are certain mineral substances, such as nitrates, 
sulphates, phosphates, and carbon dioxide (CO2). Here we 
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y 
have another important point of distinction between an 
ordinary green plant and an animal. Green plants take 
in their food-material in the form of simple «organic 
substances, animals cannot live on simple inorganic sub- 
stances; they must feed on complex organic compounds, 
such as carbohydrates, fats and oils, and proteids. 

he question now arises—how are these simple com- 
pounds built up into living protoplasm, which is an 
extremely complex unstable substance containing carbon, 
oxygen, hydrogen, nitrogen, sulphur and phosphorus, but 
whose exact composition has not yet been determined? ‘The 
building up of a complex unstable substance from simple 
stable substances necessitates the expenditure of a certain 
amount of energy. In animal nutrition this energy is 
derived from the food-materials themselves, The proteids, 
fats, and carbohydrates absorbed contain a large store of 
potential energy. Little or no energy can, however, be ob- 
tained from the very simple inorganicsubstances assimilated 
by green plants. What, then, is the source of energy? The 
answer will be clear if we consider the conditions of assimi- 
lation. It has been determined that from the water and 
carbon dioxide absorbed certain organic compounds of the 
nature of carbohydrates are formed. This process 1s called 
carbon assimilation (or photosynthesis). It requires the 
presence of light and of chlorophyll. The conclusion we 
come to is that sunlight is the source of energy, and that 
chlorophyll is a substance which enables the plant to make 
use of this radiant energy, just as the manufacture of cloth 
from raw fibre requires not only some form of energy, 
but also a special mechanical apparatus. More complex 
compounds are then elaborated, containing nitrogen derived 
from the absorbed nitrates. Finally these complex com- 
pounds are made use of by the protoplasm in building up 
its substance. If the student carefully reflects on the 
process so far described he will recognize that in both 
plants and animals living protoplasm makes use of complex 
compounds in building up its substance, but, whereas 
animals derive these compounds already manufactured 
(by feeding on plants or other animals), the plant must 
elaborate them for itself from the simple inorganic 
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solutions which it absorbs. Hence the necessity (in most 
plants—see § 12) for the presence of chlorophyll and for 
exposure to light. The plant, as it were, starts its 
chemical processes at a lower level than the animal. 


Thus the protoplasm in our unicellular plant obtains 
nourishment and increases in amount. But what of the 
ceH-wall? It also must increase in surface-extent. How 
is this effected? The cell-wall consists of a substance called 
cellulose, much simpler in composition than protoplasm. 
During growth new molecules of cellulose are formed from 
the protoplasm and are deposited in the cell-wall. Nowa 
complex substance to produce a simpler substance must 
undergo decomposition. The growth of the cell-wall, then, 
implies decomposition of protoplasmic substance. This is 
characteristic of all growth. Not only are there synthetic 
or ‘‘ building up” processes which may result in the clabora- 
tion of protoplasm, but there are also “breaking down” 
processes, processes of decomposition. The former are called 
anabolic, and constitute anabolism; the latter katabolic, 
and constitute katabolism. The sum-total of the chemical 
processes going on, anabolic and katabolic, constitutes 
metabolism. ‘This decomposition of the protoplasm is a 
process of oxidation; in connexion with it there is an 
absorption of oxygen; in other words, there is a process of 
respiration similar to what goes on in animals. The 
decomposition results in the formation of certain gsub- 
stances, of which some are directly used in building up 
the substance of the plant (plastic substances), others{are 
only indirectly useful (secretions), and others finally have 
no evident use (excretions). The decomposition also sets 
free a certain amount of energy. In plants this is chiefly 
expended in the processes of growth, although a certain 
amount may be dissipated in other ways. 


Here again we may institute a comparison between the 
plant and animal. In animals these katabolic processes 
are active. In a full-grown animal the loss of matter (by 
excretion) and energy in katabolism nearly equals the 
gain made in anabolism. ‘This is correlated with the much 
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greater activity exhibited by the animal organism. In 
plants, on the other hand, anabolism is greatly in excess of 
katabolism, so that in plants there is continual increase 
in the amount of plant-substance. ‘his is correlated with 
the passivity and lack ef movement characteristic of plants. 
The animal is essentially active and katabolic, while the 
plant is essentially passive and anabolic. 

Although we have described the general processes of 
metabolism with special reference to a unicellular plant, 
they hold good for all green plants. Thus a scaweed 
absorbs simple inorganic solutions over its whole surface. 
These pass from cell to cell through the whole plant, and 
are elaborated as above described. In higher plants, 
special members are developed to perform the work of 
absorption. The root serves to fix the plant and absorbs 
solutions of mineral salts from the soil. These are 
conveyed in ways to be afterwards described to the leaves. 
The foliage leaf is the chief organ for the absorption of 
carbon dioxide which is derived from the atmosphere. In 
the cells of the leaf elaboration of these various food 
materials is carried on. The complex organic compounds 
thus formed are distributed over the plant and are made 
use of by the living protoplasm. In addition to this the 
leaves are active respiring organs and also give off large 
quantities of water-vapour (process of transpiration). 


§ 12. Plants without Chlorophyll. Some plants have 
no chlorophyll, eg. the fungi and a few flowering plants. 
From what has been said above it will be evident that 
these plants cannot assimilate simple inorganic food- 
materials, They can only make use of food-material con- 
sisting of complex organic compounds. In this respect 
they resemble animals, but the compounds are simpler than 
those required by animals, These complex compounds may 
be obtained either from living organisms or from decaying 
organic. substance, In the former case the plants are 
parasites. They send down absorbing organs into the 
tissues of some living plant or animal (called the host), 
and thus obtain their nutritive material, In the latter 
case they are called saprophytes. 
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§ 13. Reproduction. Two methods of reproduction are 
met with in plants:—(a) asexual or agamogenetic ; 
(6) sexual or gamogenetic. The asexual method consists 
essentially in the separation from the parent organism of 
a part which grows directly into a new organism. The 
part separated of! may be simply a more or less specialized 
portion of the vegetative region, eg. the potato-tuber. 
This is vegetative reproduction. If it is a highly specialized 
single reproductive cell (spore) it is aseaual spore-repro- 
duction. The sexual method consists in the separation of 
two sexual cells (gametes), each incapable by itself of pro- 
ducing a new organism, but which fuse together and produce 
a new cell (the zygote, or sexually produced spore) with 
altogether new properties, which is able to develop into a 
new plant. In many of the lower plants (Thallophyta) the 
gametes are similar. In the higher types they are clearly 
differentiated into male and female—the former (e.g. 
spermatozoid) corresponding to the spermatozoon of the 
animal, the latter to the ovum. A spore may be defined 
as a highly specialized reproductive cell which is capable 
of giving rise directly to a new organism. It may be 
produced sexually or asexually. 


§ 14. Relation to Environment. The intimate relation 
which exists between a plant and its environment is shown 
by the fact that plant-members always have a form and 
structure adapted to the particular conditions in which the 
plant lives. These forms and structures can only be 
explained by a reference to these conditions. A plant 
which is not adapted to or in harmony with its surroundings 
dies. The living protoplasm is constantly subjected to the 
stimulating influence of external agencies, such as light, heat, 
gravity, etc,, and it is constantly responding in particular 
ways to these influences. We shall have to cons der some 
of the results of this on growth in a later chapter (VIII). 


§ 15. Homology and Analogy. In the course of this 
chapter we have suggested two distinct principles of the 
highest importance to the biological student. We may now 
clearly explain and state them. We have seen that a study 
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of morphology leads to the recognition of similar members, 
i.e. morphologically similar. Thus stems, whatever their 
special form, are similar members. So also leaves. Members 
morphologically similar are said to be homologous, or the 
homologues of each other. Homologous members or 
structures are recognised by the relations of their position 
and development. Homology is the term by which we 
express a resemblance existing between various members as 
regards their position and development. We have scen, 
however, that homologous members may take on many 
different forms according to the functions which they 
carry on. Thus foliage leaves, floral leaves (sepals, petals, 
etc., of a flower), although homologous, have distinctly 
different forms. On the other hand, some tendrils are 
morphologically leaves or leaflets, e.g. the tendrils of the 
pea; while others, eg. vine, are morphologically stems. 
tlere we have two structures apparently similar, namely 
tendrils. Yet they. are not homologous. Their resem- 
blance to each other is physiological, not morphological. 
They have similar functions, and have therefore, by way 
of adaptation, assumed the same form. Members which 
present resemblances of this kind are said to be analogous, 
or the unalogucs of each other. Analogy is the term we 
use when we wish to express this resemblance. It is, of 
course, unnecessary to ada that many members are both 
homologous and analogous, e.g. the ordinary foliage leaves 
of one plant with those of another. 

The student will now be able to understand the two 
principles referred to. They are :—(a) members morpho- 
logically similar (@.e. homologous) may be differently 
modified for the performance of different functions; 
(6) members not morphologically similar may be similarly 
modified for the performance of the same function. These 
principles should be kept in mind, and illustrations of them, 
in the following chapters, carefully noted. 


CHAPTER IL 
GENERAL HISTOLOGY. 


A. THe Cen. 


§ 1. Cellular Structure of Plants. We have already 
explained (p. 5) that the substance of the plant-body is 
not homogeneous, but, in all except the lowest forms, 
consists of ager egations or unions of microscopic structures, 
called eclJs, each living cell consisting of a tiny mass of a 
viscid substance, called protoplasm, bounded by a distinct 
membrane, the cell- wall. ‘These cells can be readily seen 
by teasing out the substance of a very ripe, mealy apple in 
water, and examining it under the microscope; also in 
thin microscopic sections of stems, roots, and other parts of 
plants (see, ¢.g., figs. 19,51). The protoplasm is the essential 
or living substance of a cel], and the seat of all the vital 
processes. ‘The cell-wal] is formed by the protoplasm, and, 
during the life of the cell, is added to and moulded in 
various ways according to the special functions it has to 
carry on. The cell-walls, therefore, are to be regarded as 
constituting a skeleton or framework, giving support to the 
living substance, and firmness and strength to the whole 
organism. There is really a continuity of protoplasm 
between all the living cells of a plant. The protoplasm 
of one cell is connected with that of others by means of 
extremely delicate threads passing through the cell-wall. 
In the lowest forms of multicellular plants, the organism 
consists of an ageregation of similar cells, ail carrying on 
very much the same ‘functions ; but in higher forms, corre- 
lated with the physiological differentiation which has taken 
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place, there is what is called Histological Differentiation. — 
In other words, many different kinds of cells, more or less 
definitely arranged in groups, can be recognised, the form 
and structure of the cells in each group depending on 
the functions entrusted to them. This differcntiation 
becomes more and more marked as we pass from lower to 
higher types. In the Thallophyta and Bryophyta, all parts 
of the organism consist of typical living cells, although these 
cells may present many different forms. or this reason, 
these two divisions are distinguished as ‘cellular plants.” 
A considerably higher differentiation is exhibited hy the 
Pteridophytes and Flowering Plants. In these groups, in 
addition to typical living cells having an infinite varicty of 
form, long, slender, and often tubular structures of an 
altogether different character can be recognized. These run 
through the masses of cells, sometimes irregularly, more 
often in definite strands or bundles (see fig. 52). They are, 
to a large extent, structures adapted for the rapid 
transmission of nutritive fluids, that is, vascular structures. 
Although very different in appearance from typical 
cells, a study of their development shows that all 
these tube-like structures are really formed by the union 
and alteration of young cells. The Pteridophytes and 
Flowering Plants are distinguished by the presence of such 
vascular structures in their tissues, and are therefore spoken 
of as “ Vascular Plants.” Hence also the term Vascular 
Cryptogams for the Pteridophytes. Thus, however ex- 
tensive the differentiation may be, we may say that all 
parts of plants are made up of cells or of structures, or 
elements, derived from cells, 


§ 2. Protoplast or Energid. In section, the cclls of a plant 
present a gcneral resemblauce to the cells of a honey-comh. ‘Tunis 
was the origin of the term “cell.” In many ways it is misleading 
and inaccurate. In plants each fully formed cell or tube has its 
own proper wall, and hy suitable methods can be isolated for in- 
dividual examination. The walls of the cells in a honey-comb, on 
the other hand, are common walls. Again, the protoplasmic contents 
are the essential part of a cell, As a matter of fact in certain 
stages of the life-history, certain of the protoplasmic bodies have no 
protective membrane—e.g. the ovum or egg-cell and the spermatozoid. 
Here the term “cell” jis not at all appropriate, and the case is not 
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improved by the use of such terms as '‘ naked cell,” “ primordial cell,”” 
etc. The term “ cell,’? however, has become so fixcd in the nomen- 
clature that it is impossible to avoid using it. At the same time 
many botanists have now come to apply the terms ‘ protoplast ’’ or 
‘‘energid’”’ to any living uni-nucleated protoplasmic unit, whether 
enclosed in a cell-wall or not, 


§ 3. The Young Cell. Young cells are always found at 
points where growth is going on (growing-points) —c.g. at 
the apex of a stem. They are called initial or meristematic 
cells. ‘They show repeated division into two, and it is in 
this way that new cells are produced in the plant. These 
young cells have very simple definite forms. They show no 
trace of the differentiation which in the higher types is so 
marked in the older parts of the plant. At the growing 
apex of a stem or root they 
are always more or less rounded 
or polygonal in form (fig. 4, A). 
In some meristematic regions 
(cambial layers, see § 20) they 
‘are elongated and flattened 
(fg. 4, B). In all cases, 
however, the cell-walls are cx- 
tremely thin, and the proto- 
plasm completely fills the 

7 yy) v6 . 
cell-cavity. The gener al proto- Bae B 
plasin of the cell (as in all Fig, 4.—A, Younc on MraisremMatic 
living cells) is called the cyto- Cexis; B, A Cametat Cru. 
plasm. It is always more or 
less granular, and embedded in it are several denser and 
more highly specialized protoplasmic hodics. The largest 
of these is the nucleus, and with it may be associated one 
or two smeller bodies, the centrospheres (fig. 5). The 
others usually present are known as plastids. 


«CYTOPLASM 





§ 4. The Cell-Wall. The cell-wall in young cells, and 
in many fully developed cells, consists of a substance called 
cellulose, with which is associated a smaller or larger 
percentage of mineral matter. Cellulose is a carbohydrate, 
i.e it is one of a large group of organic substances, 
consisting of the chemical elements carbon, oxygen, and 
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bydrogen, in which the hydrogen and oxygen are in the 
same proportions as in water (water=H;0). In a general 
way the carbohydrates may be regarded as compounds of 
carbon and water in varying proportions. The formula 
of cellulose may be given as n (CgHy00s5), the value of n 
being doubtful. It is readily recognized by the use of 
reagents. With Schulze’s solution it turns blue; with 
iodine and strong sulphuric acid it swells up and turns 
blue. The molecules of cellulose are probably arranged in 
groups forming particles, each invested by a film of the 
watery sap which permeates the cell-wall. It is because 
of this that substances in solution in water can diffuse 
through the cellulose wall. 


§ 5. The Protoplasmic Substance. Protoplasm is essen- 
tially clear and jelly-like, but often presents a granular 
appearance, owing to the formation of various bodies within 
its substance. It is an extremely unstable compound of 
highly complex composition, and when dead is found to 
consist mainly of proteid substances, which are highly 
complex compounds of carbon, hydrogen, oxygen, 
nitrogen, and sulphur, but whose exact composition 
has not yet been determined. Thus protoplasm contains 
these five chemical elements in very complex pro- 
portions. Phosphorus, also, is present in the protoplasmic 
substance of the nucleus, but it does not appear to be an 
essential constituent of protoplasm in general. Like the 
cell-wall, all protoplasmic substance is permeated with 
water. The vital power of protoplasm seems to depend on 
the constant presence of water. From this alone the 
student can readily infer the essential importance of water 
to the life of the plant. 


§ 6. The Nucleus is a body of the highest importance in 
the life of the cell. It appears to be the originating centre 
of all the vital processes—the initiator and director of all 
the cell’s activities. It seems, however, to exercise a special 
control over reproductive processes. This will be evident 
when we come to consider the processes of cell-division and 
sexual reproduction, The nucleus (fig. 5) is bounded by a 


GENERAL HISTOLOGY. 21 


delicate nuclear membrane formed from the surrounding 
cytoplasm. Inside there is a semifluid ground-substance, 
the nucleo-hyaloplasm, in which is embedded a network of 
fine fibrils usually spoken of as 
the chromatin network. In 
the ground - substance also, 
lying in the meshes of the 
chromatin network, are to be 


(oe) @o—CENTROSPHERE 
eS CENTROSOME 








found one or more. small Rene 
granular bodies, the nucleoli. NUCLEOLUS 


Nuclei are usually spherical vis. 5 —Nucurvs anv Centuo- 
or oval in form. They are SPHERES, 

never formed ‘de novo,” i.e. 

by the simple aggregation and differentiation of the proto: 
plasmic substance, but always by division of pre-existing 
nuclei. The division of the nucleus is either direct or 
indirect. In the former method there is a simple splitting 
or bipartition, which is not accompanied by the division 
of the cell. This direct method is known as fragmenta- 
tion; it is found chiefly in old cells which become 
multinucleate. In the indirect method a complicated 
series of changes is gone through which constitute what is 
known as karyokinesis or mitosis—to be described presently 
($ 18). It is followed by cell-division, 


or 


§ 7. ‘Ihe cytoplasm, apart from any granules embedded in it, 
seoms to consist of a single proteid substance called cytoplastin. 
_ Nuclear substance consists of various proteids, some of which contain 
phosphorus, The chromatin network and the nucleoli are the parts 
which take on stains most readily. With iodine they stain a deep 
brown colour, ‘his is a general action of iodine on the denser forms 


of proteid. 


§ 8. The centrosphere (fig. 5) is a small spherical cytoplas- 
mic body observed in some cells just outside the nucleus. 
The denser central portion is called the centrosome. ‘The 
presence of centrospheres has as yet been recognised only 
in animal cells, in the cells of Algw and Muscinex, and 
in the reproductive and dividing cells of higher plants 


(see § 18 and fig. 105). 
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§ 9, The Plastids, like the nucleus and centrosphere, 
are highly specialized and differentiated portions of proto- 
plasmic substance. Similarly, they are not formed ‘de 
novo,” but always multiply by division (direct), The 
substance of the plastid has a spongy texture. ‘here is 
a clear, semifluid ground-substance, in which is embedded 
a network of strands or fibrils of a denser proteid. 


§ 10. Processes of Histological Differentiation. In 
the very young or embryo plant all the cells are meriste- 
matic, but in the older plant the meristematic cells are 
confined to certain points or regions which are distinguished 
as “ growing-points ”—as, e.g., the apical cell or cells of a 
thallus, the apex of stem or root. This localization arise; 
from the early commencement of histological differentiation. 
The cells which are formed are gradually altered or modi- 
fied in various ways to adapt them to the performance of 
different functions, and in this way are produced all the 
varieties of cell and tissue met with in the fully developed 
organs of a higher plant. This is a point we must now 
insist on. All these different kinds of cells or cell-structures 
are derived by modification of various kinds from the young 
cells produced at growing-points. Before we can satis- 
factorily describe these various forms and kinds of cells, 
we must consider the nature of the changes or modifica- 
tions which give rise to them. In other words, we must 
give some account of the processes of histological differentia- 
tion. These changes affect both the cell-wall and the 
cell-contents. They may be roughly tabulated thus :— 

(1) Growth in surface-extent of the cell-wall. 

(2) Thickening of the cell-wall. 

(3) Chemical alteration and impregnation of the cell-wall. 

(4) Changes in the contents. 

(5) Cell-fusion. 


§ 11. (1) Growth of Cell-Wall in Surface-Extent. In 
other words, the cell grows in size. This growth may be 
uniform or localized. If uniform, the young cell simply 
develops into a larger cell of the same form. If localized, 
the resulting cells assume new forms. If, for example, the 
young cell grows more especially at three or four particular 
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points, the resulting cell will show a number of radiating 
arms or outgrowths (the stellate form-—fig. 27, a). If 
the growth is confincd to two opposite points the cell 
becomes very long and _ povtnted. 


This elongated pointed kind of cell % 
is very common. It is called the | ‘ 
prosenchymatous form (fig. 6), and 

is to be distinguished from the 
parenchymatous form in which the 

than it is broad, and is not pointed. | 


cell is usually not much longer 
This parenchymatous form shows 
considerable varicty, e.g. it may be 
rounded, oval, polygonal, prismatic, 
tabular or flattened, stellate, ete. 
Localized growth in surface-extent, 
then, gives rise to different forms 
of cells. 





§ 12. (2) Thickening of the Cell- erie 

Wall. This also may be uniform ee 
(general) or localized. In the A, Not strongly thickened ; 
former case the cell-wall is equally Peepers sphtokenctt 

thickened all round. Strictly speak- , 

ing it is rarely met with. Localized thickening is the rule, 
In this case only certain parts of the wall are thickened. 
The character of the 
thickening varies very 
much. Jn some cases 
it takes place in rings, 
so that we get annular 
bands formed on the 
inner surface of the 
cell-wall (fig. 7,4). In 
hig. 7.—Types ov ‘LiCKENING, othor cases the thicken- 
A, Annular; B, Spiral; C, leticulate. ing is along a spiral 
line (fig. 7, B) We 
may imagine that this is due to the annular thickenings 
of the former case becoming interrupted and running into 
each other; as a matter of fact we find cases where the 
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thickening is yartly annular, partly spiral. Jf now we 
imagine the turns of the spiral to be arranged very closely, 
so that at intervals they fuse, we get the next type of 
thickening, the reticulate (fig. 7,c). Here the thickening 
forms a network or reticulum on the inner surface of the 
cell-wall. The transition from this to the pitted o7 dotted 
type of thickening (fig. 8) is easy; we have only to 
imagine that the strands of the 
network become very thick and 
the meshes correspondingly re- 
duced. In this case the whole 
of the wall, with the exception 
of numerous small circumscribed 
areas, undergoes thickening. 
When examined under the micro- 
Fig, 8.—Prrrep Cén.s. scope these unthickened areas ap- 

A, Surface view; B, Cell ect pear like perforations, apertures, 
jongitudinally, showing pits oO» dots, according to their size, 
hence the terms pitted or dotted. 

The student should carefully notice the transition, readily 
recognizable, from the simple annular type to the more 
perfect pitted type. The thickening substance is laid down 
on both sides of the original cell-wall. This, however, can 
generally be distinguished in the middle of tho thickened 
wall, and is known as _ the «middle 
lamella (fig. 9). It is evident, then, 
that just as localized growth in surface- 
extent results in the development of 
different forms of cells, so localized 
thickening leads to the formation of 
different patterns or markings on the 
cell-wall. These markings are most 
characteristically and most distinctly de- 








veloped on wood-elements (wood-vessels _ ‘AMELLA 

: Fig. 9.—TMICKENED 
and tracheides), but are not by any — Sorenenciyma. 
means confined to these. (Transverso section.) 


Sometimes the thickening of the cell- 
wall is so extensive that the cavity is almost obliterated. 
This is frequently the case in elements forming a tissue 
called sclerenchyma (figs. 9, 68), If pits are present 
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they become transformed into canals running through the 
thickened wall. A curious form of pit, the bordered pit 
(fig. 10), is developed on the walls of many wood-vessels 
and tracheides. Here a circular area of the cell-wall 
remains unthickened, and the edge of the thickening matter 
all round this arches over it in a dome-like manner. ‘The 
apex of the dome, however, is open, so that there is an 
aperture leading from the small cavity covered over by the 
dome into the cavity of the tracheide or vessel. A similar 
structure is developed at exactly the same point in the 
adjacent tracheide or vessel. A glance at fig. 10, a, c, will 
now show that in the wall separating the cavities of the 
two vessels or tracheides 
there is a lenticular 
space across which 
stretches the original 
unthickened cell-mem 
brane. In a surface 
view of, the structure 
(fig. 10, 8) we see the 
small aperture at the é 

apex of the dome as a a Fig. gs RE pene Pir. 

5 Poe , Longitudinal section ; B, Surface view: 
small circle, surrounded CG, Semi-profile, ’ 
by a larger circle re- ; 
presenting the edge of the unthickened membrane 
where the thickening matter begins to arch over the 
lenticular cavity. ‘The student will get a good idea of 
this structure if he takes two small wooden dishes shaped 
like watchglasses, makes a perforation in the bottom 
of each, and places them rim to rim with a thin sheet 
of paper between. The thin paper between the dishes 
will represent the unthickened cell-wall. It should be 
noticed that the unthickened membrane in a fully 
developed bordered pit is usually pushed over to one 
side. It shows a slight thickening or swelling in the 
middle, known as the torus. These bordered pits are fre- 
quently met with on the walls of the wood-elements of 
Angiosperms and Vascular Cryptogams, but they are 
most typically developed on the wood-elements (tracheides) 


of Gymnosperms, 
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Sometimes the pits on a wood-element are very much 

elongated transversely. 

A/\ In this case the thick- 

(|| ened bars between the 

G) elongated pits look like 

the rungs of a ladder ; 

(0) || hence thenamescalari- 
© 





form, applied to this 
type of thickening. 
The pits in this scalari- 





Fig, 12.—Ovat Bor- 


Fig. 11.—BoRDERED 


Pits in SURFACE form type are fre- DERED Pits. 

; View. quently bordered (figs. A, Longitudinal section 
A, Circular ; B, Elon- 11 12) B. Surface view. 
gated (scalariform), B, . 


Note. The growth and thickening of the cell-wall is due to 
the formatién of new particles of cellulose by the protoplasm, and 
their incorporation in the cell-walJ, According to some, these 
particles are laid down in layers on the inner surface of the wall, 
his is the apposition theory. Here, increase in surface-cxtent is 
supposed to be due to stretching of the wall, Others maintain that 
the new particles are intercalated, or pushed in between those 
already present. This is the intussusception theory. The balance 
of evidence seems to favour apposition in the case of thickening, 
intussusception in the case of growth in surface-extent. 


§ 13. (3) Impregnation and Chemical Alteration of the 
Cell-Wall. The wall of a young cell is thin and con- 
sists of cellulose, and when thickened it may still show 
very much the same chemical characters. But, in many 
elements, the wall during growth becomes impregnated or 
altered in various ways. It may be cuticularized, suberized, 
lignified, converted into mucilage, or impregnated to a 
greater or less extent with mineral matter. Cuticularization 
is due to the modification of cellulose into a substance 
called cuéin. This modification is most commonly seen in 
the outer layers of the external walls of epidermal cells. 
The cuticularized layers extend over the epidermis, forming 
a membrane known as the cuticle (see fig. 33, a). The 
properties of the cell-wall are completely altered by this 
change. It not only gives firmness to the walls, but also 
renders them almost impermeable to water. Suberization 
is a very similar modification, due to formation cf suberin. 
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In its chemical characters suberin closely resembles cutin, 
and may bo only a mixture of cutin and a little lignin 
(sce below). ‘This change is met with in cork cells, and, 
like cuticularization, it renders the cell-walls impermeable 
to water. Cuticularized or corky walls are stained yellow 
by iodine, yellow or brown by Schulze’s solution. They are 
not acted on by sulphuric acid. Lignification is due to the 
formation (by modification of cellulose) of Lignin. It is 
met with only in thickened cell-walls, as in the cells or 
elements of wood and sclerenchyma. While giving great 
strength and rigidity to the cell-wall, this change does not 
inteifere with its elasticity or permeability. Lignified 
walls are stained a bright yellow by aniline sulphate (or 
chloride), yellow, or sometimes brown, by iodine, yellow by 
Schulze’s solution ; under the action of iodine and sulphuric 
acid they become brown and swell up. Mucilaginous walls, 
when dry, are hard and horny, The property which: 
peculiarly distimguishes them is their great capacity for 
absorbing water. When moistened or soaked in water 
they swell up and become soft and sticky. In extreme 
cases the absorption of water may lead to the disorganisa- 
tion of the mucilaginous cell-wall, and produce drops of 
gum. ‘This is the origin of the exudation of gum seen 
on the stems of cherry and other trees, also in many bud- 
scales, Mucilage, in many of its other reactions, resembles 
cellulose, 

Of the mineral substances deposited in the cell-wall silica, 
calcium carbonate and calcium oxalate are the commonest. 
Silica is often found so completely impregnating the 
cellulose wall that if the tissuo is burned a complete 
siliceous skeleton of the cells is left behind, e.g. in the 
epidermal tissues of grasses, Isolated crystals of calcium 
oxalate or carbonate are occasionally found in cell-walls. 
‘he most characteristic form, however, in which calcium 
carbonate is associated with the cell-wall is that known as 
the cystolith (fig. 13). ‘These cystoliths are found in many 
plants, eg. the epidermal cells of plants belonging to the 
nettle order and of the indiarubber plant. During their 
development a small cellulose protuberance arises on the 
cell-wall internally. As the protuberance grows, it: becomes 
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impregnated -with calcium carbonate. When fully de- 
veloped the cystolith forms a pear- or cigar-shaped mass, 
attached by a 


SE eh edt ek short stalk to 
QO000c5 
INQ 2a aS Ce Cs. the cell- wall. 


7 Vga oO It has an or- 





a ganic basis of 

cellulose. The 
----- CYSTOLITH distinguishing 
test for these 
mineral sub- 
stances is dilute 
acetic acid. Cal- 
cium oxalate does 
not dissolve in 
Dee ie SPONGY this acid: but 
calcium carbon- 


F ate does, with an 
Fig. 13.—Part or TRANSVERSE SECTION OF THE LEAF luti f 
oF Ficus elastica (INDIARUBBER PLANT), sHowinc CVOlution of gas 
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----PALISADE 
PARENCHYMA 


§ 14. (4) Changes in the Contents. In the young cell, 
as we have seen, the protoplasm, etc., completely fills the 
cell-cavity. As the cell grows the increase in the amount 
of protoplasm is not sufficierit to keep pace with the extension 
of the cell-wall. The result is 
that small spaces or cavities, 
called vacuoles (fig. 14), make LX ord 
their appearance in the proto. WwAG 
plasm, and these become filled X 7 ACUOLE 






with a watery fluid called cell- 45% --<CYTOPLASM 
sap. In the very young cell the Je ey: 

relatively small amount of cell- SRD 
sap simply permeates the proto- 
plasmic substance and the cell- pig, 14 ~youno Crtts, skow- 
wall, These small vacuoles NG Formation or Vacuorss. 
gradually increase in size, and 

finally all run together to form one large central vacuole 
(fig. 15). The protoplasm is now reduced to a parietal 
layer, which lines the cell-wall internally, and a number 
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of delicate protoplasmic strands or threads which run 
across the vacuole to the middle of the cell. The parietal 
layer forms a sort of bag containing 
the cell-sap. Hence, when first seen, PRIM. UTRICLE 
it was called the “primordial utricle,” —*- 

a name which is still in use. The 
nucleus in such a cell is usually em- 
bedded in the little central mass of oe 
protoplasm formed by the union of “< 
the protoplasmic strands ; but it lies 
in the primordial utricle when, as 
occasionally happens, the protoplasmic __Fig. 15.—A Tvricat, 
strands aes cits This aetiion ides Me oes 
of the cell is met with in many fully 

developed plant-tissues, eg. the general succulent tissue 
of plants. 

In young cells, the plastids are colourless or green, 
They multiply by direct division (fig. 16), and during the 
growth ‘of the cell they may undergo many changes as 
regards colour. It is only in the older living cells of the 
plant that they attain their full functional activity. Three 
kinds are differentiated. In the cells of underground 
portions of plants (¢g. tubers of potato), or deep-seated 

tissues (e.g. medullary rays 

HILUM of trees)—more generally, in 

tissues not exposed to light— 

B they are colourless and called 

leucoplasts or amyloplasts. 

LEUCOPLAST They have various forms— 

Fig. 16,—PLASTIDS (HIGHLY MAGNI- spheroidal, discoidal, rodlike, 

FIED). etc. Their special function 

A, Chloroplasts of a Moss (Funavia), jig the formation of starch 
showing division; LB, Leucoplast 

with developing Starch-Grain, from soluble carbohydrates 

(sugar). In parts exposed to 
light, such as leaves and the superficial tissues of herba- 
ceous stems, most of the plastids develop the green 
colouring matter called chlorophyll. They are therefore 
called chloroplasts, chlorophyll corpuscles, or chlorophy!l 
grains. ‘I'he chlorophyll seems to be in the form of fibrils 
or granules embedded in the protoplasmic substance 
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of the plastid. Their function is twofold. like the 
leucoplasts they can form starch from soluble carbo- 
hydrate, but besides this, by means of the chlorophyll 
which they contain, they have the power of building up 
carvohydrate substance from water and carbon dioxide 
in the presence of light (see p. 12). In all the higher 
plants they are spherical or spheroidal, often more or 
less flattened. Sometimes the green colour is masked 
or conc-aled by the presence of other colouring matters 
dissolved in the cell-sap, e.g. leaves of the copper beech. 
When exposed to light leucoplasts develop into chloroplasts, 
while the latter lose their chlorophyll and become yellow if 
withdrawn from light. Frequently, however, the plastids 
in aerial parts contain colouring matters other than grecn. 
Such are called chromoplasts. They are found in the 
petals of many flowers—most yellow and many red flowers 
—and in fruits. The colours of most blue flowers and 
many red flowers, on the other hand, are due to colouring 
matters dissolved in the cell-sap. Chromoplasts may be 
formed directly from leucoplasts, but usually from chloroplasts. 
Thus the young floral leaves may be green, and the colours 
of autumn leaves are due to the presence of chromoplusts 
derived from chloroplasts by the decomposition of the 
chlorophyll towards the approach of winter. Chloroplasts 
and chromoplasts are generally spoken of together as 
chromatophores (colour-bearers). 

Many non-living substances may be produced during the 
metabolism of the cell, and are found either in the proto- 
plasm or in the cell-sap. These substances are either 
soluble or insoluble. In the former case they are dissolved 
in the cell-sap; in the latter they appear in solid form, 
usually in the protoplasm. They may be arranged in three 
groups. First, there are those substances which are at 
some time or other made use of by the protoplasm as food- 
material, The most important of these are starch-grains, 
proteid grains (fig. 17), oil or fat (insoluble), various sugars 
and nitrogenous compounds of the nature of amides 
(soluble). ‘These nutritive compounds are of the nature 
of plastic substances (see p. 13). Then there are secretions 
(p. 13). The more important are the organic acids, various 
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colouring matters, and many ferments (these are sol uble). 
Finally, there is a group of waste products or substances 
of no (evident) use to the plant. These are called excretions 
Amongst these there are 





such forms as the alka- epee PROTEID GRAINS 
loids which are nitrogen- s . IS 

ous, e.g. mmorphia, nicotin, SRS 

etc. ; they constitute the Yi - 

active principles of medi- { G 


various mineral — sub- 
stances. Of course, only ix 

some of these are formed STARCH GRAINS 

va : BOY. particular . cell Me. 17.—CELLS wirtt GRAINS OF Srancu 
which may be examined. AND PROTEID, 

Some of the more im- 

portant of these non-living substances will be considered 
more fully in § 17, 

Finally, it bas to be noticed that the contents, proto- 
plasmic or otherwise, disappear altogether from many 
cells towards the close of their development. Evidently 
the tissues consisting of such “cells” can only discharge a 
purely mechanical or physical function as vascular or 
supporting tissues. Here the cell-walls are of importance, 
not the living substance. The protoplasm ends its work 
when it has sufficiently moulded the walls in accordance 
with the functions they have to carry on, and disappears. 
The occurrence of tissues which have lost their living 
substance and are therefore dead must be carefully noticed. 
We have examples of these in wood-vessels and sclerenchyma 
(figs. 6, 9). 


cinal plants: also ethereal f 
oils (fig. 18), resins, and 





§ 15. (5) Cell-Fusion. Frequently, in the development 
of masses or rows of cells, the cell-walls break down and 
disappear. The extent to which this takes place varies 
considerably. Sometimes a whole mass of cells disappears 
owing to complete absorption and disappearanco of their 
walls, and a large irregular space or cavity is formed. 
This is the origin of most of the Jarge irregular cavities met 
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with in plants, such, for example, as the spaces found in 
the middle of many stems. Sometimes more definite 
passages are formed by a similar absorption of longitudinal 
series of cells. Cavities or passages formed in this way, by 
complete absorption of cells, are 
said to be developed lysigenously 
(fig. 18). On the other hand, 
definite tubes or vessels bowndled 
by distinct walls are produced 
from rows of cells, if the ab- 
sorption affects only those walls 
which lie between the original 
cells, so that their cavities become 
continuous. If irregular rows of 
Fig. 16.— Lysigrnovs Oavity cells fuse in this way, the vessels 

formed branch and anastomose 
(i.e. the branches run into each other) to form a network, 
as in the formation: of laticiferous vessels (fig. 19). A 
straight, tubular vessel is formed if cells in a single definite 
longitudinal series fuse together, 
as in wood-vessels (fig. 52). 





witH Drop oF ETHEREAL OIL. 


§ 16. Intercellular Cavities. 
Young cells are all closely in con- 
tact with each other. ‘There are 
no spaces between them. But, in 
cells growing in different directions 
and taking on different forms, the 
cell-walls must be subjected to a 
considerable amount of strain. The 
cell-walls yield to this by separating 
from each other at certain points, 
so that small cavities, called inter- Fig. 19.—Laticirunous Vesseis 
cellulur spaces, appear between the Stee Eatct oc o) eae 
cells. In most cases these are 
small, and, iz sections, are seen more especially at the angles 
of the cells (figs. 15, 17). They are not, however, isolated 
from each other, but communicate so as to form a con- 
tinuous system. They are of great importance in the plant, 
as they serve for the ready passage of various gases and 
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vapours, the most important of which are oxygen, carbon 
dioxide, and water vapour. Frequently larger cavities or 
passages are formed by the separation of masses of cells 
from each other, owing to a splitting apart of the cell- 
walls in this way. This is the schizogenous method of 
development of such spaces and passages. Most resin- 
passages, ¢.g. ivy, Scots fir, are formed in this way. 


_§ 17. Non-living Cell-Contents. We must now give a 
fuller account of some of the more important non-living 
substances found in cells, and already mentioned on ps0. 

(1) The Cell-Sap is a watery fluid, containing many 
substances either in solution or in suspension. The water 
is derived from the soil in the process of root-absorption. 
It contains various inorganic salts dissolved in it. Amides 
and sugars are the most important plastic substances (sce 
p- 13) contained m the cell-sap. The chief sugars are grape- 
sugar (C,H,,O,) and cane-sugar (C,,H.,,0,,).. Another carbo- 
hydrate sometimes found is inulin, a form of starch. Inulin 
is especially abundant in the cells of 
many Composite (e.g. roots of Sun- 
flower and Dahlia). ‘Though dissolved 
in the cell-sap, it is precipitated by 
aleohol in the form of very cha- 
racteristic crystalline masses (fig. 20), 
showing concentric and _ radiating 
structure (i.e. marked by concentric 
and radiating lines). Colouring 
matters, organic acids (eg. malic, 
citric, tartaric, and oxalic), and fer- 
ments are the most important of 
the secretions present. As already 
mentioned, excreted products such 
as tannin and various alkaloids ave 445, 99,—Uenns wit 
also present. The cell-sap is to be INULIN-CRYSTALS, 
regarded as a nutritive fluid and as a 
receptacle for waste products. It can diffuse from coll to 
cell, and permeates the substance of protoplasm and cell- 
wall, so that the protoplasm absorbs from it the substances 
necessary for its nourishment. 

Bot. 3 
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(2) Starch is a carbohydrate and an isomer of cellulose, 
i.e. it contains the same chemical elements in the same 
proportions, but has a different chemical constitution, so 
that its properties are different. Its formula may be given 
as m (OsHy0s). It is found in plant-cells in the form of 
grains (figs. 17, 21), most abundantly in parts which serve 
as store-places of reserve material. Rarely the grains are 
formed in the general protoplasm of the cell; in this case 
they are small and devoid of any structure. Their forma- 
tion is nearly always the work of leucoplasts, chloroplasts, 
or chromoplasts. They are developed inside the plastids, 
and chloroplasts are often much distended by them. In 
the case of leucoplasts they are frequently large, and 
appear to lie outside, owing to their formation beginning 
near the margins of the plastid bodies (fig. 16). When 
the grains are examined under the microscope they 
2 are found to exhibit 
stratification, a num- 
oe, ber of layers being 
AN) arranged round a defi- 
y/ nite point called the 
hilum. Sometimes 
the layers are ar- 
ranged quite regularly 
and concentrically (fig. 
21, D); but often the 
arrangement is excen- 





Fig. 21.—Sraron-Gratns, “] n . . 
A, Excentric; D, Concentric; B, C, Com- i aa d the hilum lies 
pound. near one end (fig. 21,A). 


Concentric grains are 
formed in the centre of the plastids; excentric grains 
to one side of them. The reason, of course, is that, in 
the former case, the substance of the plastid invests the 
grain equally, and regular starch-layers are deposited ; 
while, in the latter case, the starch-layers are thickest 
on the side next the main body of the plastid. The 
starch-grain contains water. The stratified appearance 
is due, not only to the fact that the starch is deposited 
in layers, but also to these layers containing vary- 
ing amounts of water. The hilum is the most watery 
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part of the grain. The grains assume many different 
forms, but the form is characteristic in each particular 
plant. Those of the potato are oval or ovate and excentric : 
of the wheat, spherical or lenticular and concentric; of 
the rice, polygonal. Sometimes a plastid begins to form 
two or three grains at the same time. As these grow 
they are enclosed in common layers and form compound 
grains (fig. 21, B, c). Spuriously compound grains are 
produced by separate grains simply becoming aggregated 
together. Starch-grains when fully formed may be found 
floating free in the cell-sap. Starch is stained a dark 
blue, sometimes violet, by iodine, and is therefore readily 
detected. 


(3) Proteid Grains (figs. 17, 22). These are solid grains 
of proteid substance formed as reserve food-material in 
connexion with nutrition. They are formed in the general 
protoplasm. They may be found in any living cell, but are 
especially large and abundant in the cells of many seeds. 
In many cells they are extremely minute and form granular 
aggregations. They are spoken of gencrally as aleurone 
grains. If some of the larger forms met with in seeds (e.g. 
castor-cil or brazil-nut) be examined, they are found to 
contam a denser proteid body called the 
proteid crystalloid (fig. 22), Sometimes 
a number of crystalleids are present in 
an aleurone grain. At one end of the 
grain also can be seen a clear mineral 
body called the glotoid, consisting of a 
double phosphate of calcium and mag- 
nesium. he grains, especially tho 
crystalloids, are stained yellow or brown 
hy iodine (cf. the nucleolus and chro- Fis.) 22—Ciu. wr 
matin fibrils of the nucleus). By taking GRAINS. 
on stain in this way, and also by the 
fact that it can be made to swell up under the action of 
various reagents, the crystalloid is readily distinguished 
from a mineral crystal. The crystalloids are not present 
in all proteid or aleurone grains, and may also occur by 
themselves, as in the outer cells of the potato-tuber. 
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(4) Fats and Oils. ‘I'hese substances occur in the form 
of drops or globules in the general protoplasm of cells and 
also in the vacuoles. As plastic substances they occur 
most commonly in the cells of seeds. The oil-drops found in 
seeds are usually insoluble in alcohol; sometimes soluble, 
as in the castor-oil. Various ethereal oils, however, of the 
nature of excretions are frequently met with in the cells of 
vegetative parts of plants, as in the cells of some leaves and 
in glandular hairs. 

(5) Resin appears in various forms in many cells, some- 
times mixed with other bodies like gum or mucilage. 
Frequently the resin is poured into special resin-passages. 

(6) Mineral Crystals. Both the oxalate and the 
carbonate of lime are precipitated in the form of crystals or 
crystalline masses. They may be regarded as exerctions of 
superfluous mineral matter. The oxalate is by far the 
commoner. They may occur in the form of small crystals 
(fig. 23), or in rounded and more or less angular crystalline 
CUTICLE .cRYSTAL #egregates called spheraphides 
gm of fig, 24, B) A very character- 
Rte re Om) istic form of calcium oxalate is 
the elongated acicular or needle- 
like form. Groups of these 
acicular crystals occur in the 
cells of many Monocotyledons 
(e.g. arum) and some Dicotyledons 
(e.g. species of dock). ‘They are 
called raphides (fig. 24, a). 
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Me Uae ARe OF TRANSVERSE 
ECTION OF A L&aF (KEGION . 
OF THE Upper SURFACE), § 18. Cell-Formation. Having 


exowme A CayaTaL IN ONE described plant-cells, their struc- 
ture, modifications, and contents, 

we have now to consider the origin or formation of new cells, 
for it is evident that wherever growth or reproduction is 
taking place there must be development of new cells. In all 
cases new cells are formed from pre-existing cells. In the 
vegetative parts of plants they are nearly always produced 
by very characteristic cell-division. Each meristematic 
cell, after reaching a certain size, divides into two daughter- 
cells, which may repeat the process. The division of the 
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cell is preceded by the karyokinetic division (p. 21) of the 
nucleus. Sometimes in vegetative parts, but more fre- 
quently in connexion with reproductive processes, new cells 
are developed by a_ process 
known as free cell-formation 
in which also there is karyo- 
kinetic nuclear division. In 
the development of repro- 
ductive cells, two other pro- 
cesses are met with, in which - 
there is no preceding nuclear 
division — namely _rejuven- 
escence and conjugation. We 
shall now briefly consider these 
methods of cell-formation. 
(1) Ordinary Cell-Division. Fig. 24.—Crnts wirn A, Ravuipss ; 
Here we have to describe L) BEH ARASH IDI, 
the series of changes which take place in the indirect 
division’ of the nuclens and constitute karyokinesis or 
mitosis (see 
HeverzO ce At 
the commence- 
ment of the 
process of cell- 
division the two 
centrospheres 
(formed by 
division of an 
original —_ one) 
pass to opposite 
sides of the 
nucleus. ‘The 
nuclear mem- 
brane becomes 
indistinct, The 
chromatin net- 
rig, 25.—DIAGRAMS ILLUSTRATING STAGES 1N work becomes 
KARYOKINESIS. : 
thicker, opens 
out, and finally breaks up into a number of curved, 
more or less U- or V-shaped iods, the chromosomes, 
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‘these become aggregated towards the centre of the cell, 
with their arms or free ends directed outwards towards 
the centrospheres. ‘They give rise to a star-like structure, 
the nuclear disc, and hence this is referred to as the 
“star” oy “aster” stage in the process. At this stage 
a number of fine fibrils or threads can be recognised 
passing from the centrosphere on each side to the chromo- 
somes. This structure is called the nuclear spindle; its 
threads are probably formed from the surrounding cyto- 
plasm of the cell. In the next stage each chromosome 
divides longitudinally into two thinner Us or Vs, so that 
the number of chromosomes is doubled. ‘Then the chromo- 
somes begin to move along the threads of the nuclear 
spindle outwards to the centrosphercs, one half towards one 
centrosphere, the other half to the other centrosphere. In 
this movement the apices of the chromosomes are directed 
towards the centrospheres. ‘The centrospheres lying at two 
opposite poles apparently act as directive centres in the 
process. It should be noticed that the two halves of cach 
original chromosome pass to opposite poles. At the close 
of this stage we can recognise two stars; hence called the 
“‘diaster stage.” At each pole the chromosomes become 
aggregated, and eventually two daughter-nuclei are formed. 

Towards the close of the above processes thickenings, 
due to deposition of small‘ particles of cellulose, begin to 
appear on the threads of the nuclear spindle across the 
equatorial region. ‘These thickenings increase in size and 
fuse together to form a thin plate or membrane which 
gradually extends outwards till it reaches the wall of the 
cell. This is the new cell-wall which divides the original 
cell into two daughter-cells, each with its own nucleus. 

During these processes the nucleoli are disorganised. 
Nucleoli reappear in the daughter-nuclei. 

(2) Free Cell-Formation. ‘This type of cell-formation 
differs from the above in that division of the cell does not 
emmediately follow mitotic division of the nucleus. By 
repeated mitotic division of the successive daughter-nuclei, 
a large number of nuclei are produced lying free in the 
protoplasm of the cell. Towards the close of this process 
the protoplasm begins to aggregate round these nuclei to 
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form naked protoplasts (p. 18). Finally, cell-walls are 
formed between them. These new cells are formed inside 
the mother-cell, and the young cell-walls are entirely new 
structures, In ordinary cell-division the dividing plate is 
the only new part of the cell-wall formed. Typical free 
cell-formation is seen in the development of the endosperm 
of seeds. Qccasionally the rapid division of the nucleus 
is not followed by the actual division of the protoplasm 
and the formation of cell-walls. We simply get a number 
of nuclei lying in the protoplasm, or rather, perhaps, an 
aggregation of protoplasts with their nuclei. Such a 
structure is called a ccenocyte. We have examples in 
laticiferous “cells.” The conocyte may seem to be 
indistinguishable from a multi-nucleate cel]. As points 
of difference, it should be noted that a cell becomes multi- 
nucleate only in an old condition and the division of the 
nucleus is direct, not mitotic. 

(3) Rejuvenescence and Conjugation. Many repro- 
ductive bodies, either asexual or of the nature of gametes 
(p. 15), are simply naked protoplasts, either motionless, or 
moving by means of vibratile protrusions of the protoplasm 
called cilia. They are developed from typical cells with a 
cell-wall. In the process the protoplasm or part of the 
protoplasm aggregates in the middle of the cell, the cell- 
wall bursts, and the protoplasmic unit is set free. These 
bodies are new ‘‘cells” (protoplasts), having altogether 
different activities and different properties from the cells 
which produced them. The protoplasm has, as it were, 
taken on a new lease of life. Hence the term rejuvenescence 
for this form of cell-formation, It will be noticed that 
there is no nuclear division, and no increase in the number 
of cells. We can observe the other method, conjugation, if 
we follow out the destiny of the gametes. Sooner or later 
they fuse in pairs (corresponding to male and female: see 
p. 15). Not only the protoplasm, but also their nuclei, fuse 
together, and the result is a new cell (zygote) with altogether 
different potentialitics. This is the process of conjugation. 
It will be seen that there is a fusion of nuclei and a re- 
duction in the number of cells. The term conjugation is 
strictly applied to the fusion of simzlar or undifferentiated 
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gametes, and the zygote is called a zygospore. The term 
fertilization is given to the process in the higher plants 
where a male gamete makes its way, or is carried, to a 
distinct female gamete (ovum or odsphere); and the zygote 
is called the odspore. 


B. Tae Tissues, 


§ 19. A tissue may be defined as an aggregation of 
similar cells or elements, united from the first, governed by 
the same laws. of growth and development, and having 
therefore a similar structure adapted to the performance 
of thesame function. The significance of the differentiation 
of tissues has already been indicated. The tissues of a 
plant may be arranged in two chief groups:—(a#) Meriste- 
matic Tissues ; (b) Permanent Tissues. The former are the 
tissues found at growing-points. ‘They consist of meriste- 
matic cells, ¢.e. cells; which possess the power of dividing. In 
the latter group are included all tissues derived from the 
former by various processes of differentiation. They consist 
of cells or elements which have lost the meristematic 
property, and taken on some fixed or permanent structure, 
adapted to the performance of some special function. 


§ 20.. Meristematic Tissues. As already indicated 
(p. 22), the regions of meristem become restricted. These 
merismatic (=meristematic) regions may be apical (apical 
meristems), as at the apices of stems and roots. ‘They 
provide for the further growth of these members in length. 
But frequently we find meristematic layers situated between 
lasses of permanent tissue (intercalary meristems). When 
an intercalary meristem provides for secondary increase in 
thickness of a member it is called a cambial layer or 
cambium. Meristems are also distinguished as primary or 
secondary. A meristem which has persisted throughout 
the growth of a member (e.g. stem or root), and which 
therefore was present at the first origin of the member, 
is a primary meristem. So also any meristematic layers 
which have been directly derived from it as in parts of 
some cambial layers. A secondary meristem is produced 
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when living cells of permanent tissue take on meristematic 
activity. ‘This is the case with most cambial layers. 

The structural characters of meristematic cells (fig. 4) 
have already been described (p. 19). We may summarize 
the characters of the tissue thus :—A meristem is an active 
growing tissue. Its cells are in an active state of division. 
The cells have all approximately the same form and structure. 
In apical meristems they are usually more or less polygonal ; 
in cambial layers they are usually flattened and more or 
less elongated. In all cases, however, the cell-walls are 
thin, and consist of cellulose ; the protoplasm completely 
fills the cell-cavity; the nucleus is large and well-defined ; 
there are no intercellular spaces. 


§ 21. Permanent Tissues. Some of these are clearly 
marked off from each other; but others are connected by 
so many transitional or intermediate forms that it is 
impossible to classify them sharply. As a matter of fact 
very «different classifications have from time to time been - 
proposed. The following classification is based partly on 
the forms of the component cells (parenchymatous or 
prosenchymatous), partly according to the characters of 
their walls or contents (cuticularized, lignified, etc.). 


§ 22, (1) Thin-walled Parenchyma (see fig. 19). This is 
one of the commoncst kinds of tissue found in plants. It 
constitutes the greater part of the soft succulent tissue, 
e.g. the tissue of algz and mosses, the cortex and pith of stems, 
the mesophyll of leaves. The cells are parenchymatous in 
form. They may be rounded or oval, with numerous inter- 
cellular spaces (spongy parenchyma, fig. 13), slightly 
elongated and arranged perpendicularly to some surface 
(palisade parenchyma, fig. 23), elongated and prismatic 
stellate, ete., ete. The thin cell-walls consist of cellulose. 
Primordial utricle, protoplasmic strands, nucleus, vacuole, 
and cell-sap are usually present. Various substances may 
be formed in the cells, such as starch, proteid grains, oi], 
resin, ete., etc. Small intercellular spaces are nearly always 
present. Sometimes, as in the pith of some trees, the cells 


entirely lose their contents. 
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It is a tissue essentially engaged in the processes of 
assimilation and nutrition. ‘The cells containing chlorophyll 
can elaborate organic substances; other cells serve for 
the storage of these substances; and, generally, plastic 
substances in solution in the cell-sap are carried by slow 
diffusion over the whole plant. 

Occasionally a similar tissue, but consisting of more or 
less prosenchymatous cells, is met with. This may be dis- 
tinguished as thin-walled prosenchyma. 


§ 23. (2) Thick-walled Parenchyma. In this tissue 
also the cells are parenchymatous and retain their contents, 
but the cell-walls are more or less thickened. The thickened 
walls may consist of 
cellulose only, as in the 
tissue called collenchyma 
(fig. 26). In collenchyma 
the cellulose thickening is 
laid down more especially 
at the angles of the cells; 
it is a tissue found under- 
neath the epidermis of 
many stems and _leaf- 

nee _ stalks. Sometimes the 
i Or Sims oF BUNFLOWEE. WallpeaYeNgon “Onlyabhaely 

(Transverse section.) ened (equally), but also 

lignified, as in many of 

the thick-walled elongated parenchymatous cells of the 
wood (wood-parenchyma). 

The cells of collenchyma contain chloroplasts ; the wood- 
cells usually contain storage products. But in addition to 
this nutritive or assimilatory function, this tissue has in 
addition a mechanical function, giving strength to the 
parts in which it occurs. 

Occasionally a thick-walled tissue consisting of prosenchy- 
matous cells retaining their contents is met with. This 
may be called thick-walled prosenchyma. ‘I'he cells may 
be unlignified (e.g. some bast-fibres), or lignified. ‘The cells 
may be spoken of as fibrous cells or, if lignified, fibrous 
sclerotic cells. 
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§ 24. (3) Sclerenchyma (figs. 6, 9). Amongst the thin- 
and thick-walled tissues just deseribed there are many 
transitional forms. Similarly the thick-walled lignified 
forms lead up gradually to the tissue called sclerenchyma. 
In this tissue the contents have been completely lost, and 
the walls of the elements are thickened and lignified. Its 
function in the plant is purely mechanical. ‘Che thick- 
walled tissues already mentioned and sclerenchyma con- 
stitute the strengthening tissues of plants. Frequently the 
thickening of the walls is so great that the cavities are 
almost obliterated (fig. 9). Sclerenchyma usually and 
typically consists of prosenchymatous elements (fibrous 
sclerenchyma). ‘These elements are often referred to as 
sclerenchymatous fibres. This form of sclerenchyma is 
typically developed in bands or bundles (stereid bundles). 
The hard bast of most fibro-vascular bundles is a good 
example of this (sce fig, 52).  Oc- 


casionally, however,  sclerenchyma 

consists of rounded or slightly elon- DAG 
gated parenchymatous elements. Such ( 
sclerotic cells (fig. 27), as they are Vn \ 
called, are found in some fruits (¢g. 
the “stone cells” of the pear), and 
in the cortex and secondary phloem 
of some woody stems, ¢.g. the oak. 
The sclerenchymatous elements as a 
rule have simple pits on their walls. 





Sf the wall becomes very strongly = TS 2%) Scpuxotic 


thickened, these pits are convertcd 

into elongated, often branching, canals (fig. 27, B). -Practi- 
cally it is convenient to regard all thickened forms of 
prosenchyma as sclerenchyma. 


§ 25. (4) Cuticnlarized or Suberized Tissue. In this 
tissue the cell-walls are cuticularized or suberized (p. 26), 
partially or completely. It is met with in various parts 
of plants. The cells are parenchymatous in form, usually 
either flattened and tabular or more or less brick-shaped. 
The best examples of this kind of tissue are scen in 
the epidermis, cork, and in the endodermis or bundle 


~~ 
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sheath. In the epidermis, only the outermost layers of the 
external walls are cuticularized, forming the cuticle (p. 26 
and fig. 26). Cork consists of more or less brick-shaped 
cells without intercellular spaces. Frequently the walls 
are comparatively thin, but examples of thick-walled cork 
cells are abundant. The walls are suberized throughout, 
and the older cork cclls lose their contents. Endodermal 
cells may be thin, or, as frequently happens, certain of 
them are more or less thickened. 

The function of the tissue is protective—more especially 
to prevent evaporation or diffusion of watery fluids. 


§ 26. (5) Tracheal Tissue. This is the essential tissue 
of the xylem or wood. In it we recognise two kinds of 
elements :—(a) Wood-vessels (vasa or trachee, fig. 52) ; 
(6) tracheides (fig. 11,4). In both of these the walls are 
thickened and lignified, and the protoplasmic contents have 
disappeared. In both, annular, spiral, pitted, or scalariform 
patterns may be developed on the walls. The tracheide, 
however, is a prosenchymatous element developed from 
a single cell ; whereas the vessel is a long, tubular structure 
derived by cell-fusion from a longitudinal row of cells. In 
the Angiosperms the vessels are the characteristic structures 
of the wood, although tracheides also are found especially 
in the secondary wood of, Dicotyledons. In Gymnosperms 
and Vascular Cryptogams, there are, with rare exceptions, 
tracheides only, ‘Tracheal tissue is usually found in 
bundles. 

Owing to the thickening and lignification of the walls 
this tissue performs a mechanical or supporting function, 
but it is especially adapted to discharge a vascular function, 
It is essentially a vascular tissue. It serves for the rapid 
transport of watery solutions from the root, where they are 
absorbed, to the leaves and other organs, where they are 
elaborated. 

A typical sclerenchymatous fibre is distinguished from 
a typical tracheide in that, having only a strengthening 
function, it is more completely thickened, and shows no 
large or definite pattern, like the tracheide. Transitional 
forms, however, are of common occurrence. 
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§ 27. (6) Sieve-tube Tissue (figs. 28, 29). This is the 
essential tissue of the phloem or bast (soft bast) of vascular 
bundles. Sieve-tubes are typically developed in the 
Angiosperms. ‘In this group they are long, slender struc- 
tures composed of elongated cells placed end on end. The 
walls are thin and consist of cellulose. The end walls are 
specially thickened and modified to form sieve-plates, the 
structures cha- 
racteristic of 
sieve-tubes, In 
the thickening 
of these end- 
walls small areas 
remain thin, 
forming pits. 
The thin mem- 
branes closing 
these pits are 
ultimately — ab- 
sorbed (p. 31), 
so that the ond- 


wall is actually Fig. 28.—Sievr-rugy Tissue. 
erat ; A, Longitudinal section of a sieve-tube through a simple 
pei forated in a : sieve-plate ; B, I'ramsverse section showing the sieve- 


sieve-like man- plate in surface view. 

ner, and the con- 

tiguous cells are placed in communication. Usually the 
whole of the end-wall is perforated in this way to form 
a simple sieve-plate (fig. 28). Irequently, however, when 
the end-wall is not horizontal, but obliquely inclined, we 
can recognize on it a number of arcas perforated in 
this way, the whole structure forming a compound plate 
(fig. 29). Less frequently in Angiosperms the sieve- 
plates are formed on tho lateral walls. Inside the sieve- 
tube there is a lining Jayer of protoplasm, but no nuclei. 
The sieve-plates are covered on both surfaces by a 
eculiar substance (probably a modification of cellulose) 
called callus, which also lines the perforations of the sieve 
plates. Callus is abundantly developed in the autumn, 
sometimes to such an extent that the pores of the sieve-plate 


are completely stopped up (¢.g. the vine). The contents 
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of the sieve-tubes (in addition to the protoplasm) are 
albuminous. This albuminous substance is found more 
especially aggregated in the region of the sieve-plates; 
it contains small starch- 
grains, and, owing to 
the presence of these, 
is stained slightly violet 

or purple by iodine. 
Similar structures, 
consisting of elongated 
prismatic cells, are 
found in Gymnosporms 
and Vascular Crypto- 
gams. Their sieve- 
plates are, however, 
most abundantly de- 
Fig. 29.—Srrve-ruse TrssuE—CompounD veloped on the lateral 
Sinve-Pua res, walls and are ap- 


A, Longitudinal section ; B, Oblique compeund 
"plate in surface view; €, In. sec:ion, Parently unperforated. 


a=thickened portions of the wall between No starch is found in 
the sieve-plates. : tl : 
1ese. 


Sieve-tube tissue discharges a vascular function. It 
serves for the rapid transport of elaborated food-material 
to the various parts of the plant from the leaves. 
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§ 28. (7) Laticiferous Tissue (Milk-Tubes). This is a 
tissue found only in certain groups of plants. It consists 
of long, branching tubes, containing a characteristic sub- 
stance, often milky in appearance, and called latex. Two 
kinds of laticiferous tissue are recognized. ‘The first kind 
consists of vessels formed by cell-fusion. Owing to the 
fact that the fusion takes place, not in definite longitudinal 
rows of cells, as is the case in wood-vessels, but in 
irregular series, the vessels not only are branched, but 
also anastomose (i.e. the branches run into each other) to 
form a network (fig. 19). The second kind consists of 
cenocytes (p. 39). In the embryo of a plant which 
possesses these, certain peculiar cells can be recognized. 
In development these “cells” elongate and branch, but 
transverse septa are not formed in them. ‘There is, 
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however, repeated karyokinetic division of the nucleus, so 
that. these structures are not elongated branched cells, but 
ceenocytcs. Seeing that there is no cell-fusion, it is evident 
that the branches of these 
caenocytes do not anastomose 
(fig. 30). In both vessels and 
ccenocytes the walls are some- 
what thickened, but consist 
of cellulose ; there is in 


both a lining layer of proto- A 
plasm with nuclei,  Latici- 
ferous vessels are found in 
many Compositze (e.g. dande- 
lion), Papaveraces (e.g. 
poppy), and Campanulacce 
(e.g. harebell). Laticiferous 


ceenocytes are found very 
typically in the spurges (Ku- 





phorbia). , : Fig. 30.—Lancirurous “Oris” 
The contained substance, (CanocyTEs) or  Euruorsia, 
ay RUNNING ‘THROUGH THIN-WALLED 

the latex, presents different PARENCIIYMA. 


appcarancesin different plants. 

It is rarely quite watery (Banana) ; usually it is more cr 
less milky (Euphorbia), occasionally thick and coloured 
(in Chelidonium majus, the greater cclandine, a plant allied 
to the poppy, it has an orange colour). It consists of water 
contaizing various substances, either in solution or in 
suspension. 

These substances are usually of the nature of excreted 
products, so that the tubes are often to be regarded simply 
as reservoirs of excreted matter. Of such substances opium, 
guttapercha, caoutchouc, are examples, Poe 

Frequently, however, the tubes contain nutritive 
substances as well, These may be nitrogenous or 
non-nitrogenous, The latex of Euphorbia, for example, 
contains elongated, rod-shaped or dumbbell-shaped starch- 
grains, 

To some extent laticiferous tissue may discharge a 
vascular function, serving for the storage and transport of 


nutritive substances, 
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§ 29. (8) Glandular Tissue. This tissue consists of 
structures of various kinds in which secreted or excreted 
substances are produced. Many of these have been spoken 
of as “secretion-reservoirs.” Although laticiferous tissue 
has been treated by itself, it is not clearly marked off from 
this glandular form of tissue. The substances produced 
are of very varied character, such as gum, mucilage, resin, 
tannin, ethereal oil (fig. 18), mineral crystals (figs. 23, 24), 
water, etc. Single cells (“sacs”) containing such sub- 
stances are frequently found scattered here and there 
through the tissue of plants—e.g. tannin or resin cells, 
cells containing raphides, etc. These isolated glandular 
cells are called idioblasts. Sometimes there are aggregations 
of glandular cells forming multicellular glands, eg. the 
nectaries of flowers. The nectary consists of a group of 
sub-epidermal cells; the sweet substance secreted is poured 
out on the surface. Glandular hairs and other glandular 
epidermal] structures must also be noticed here (epidermal 
glands). The hairs may be unicellu'ar or multicellular. 
The secretion may be formed in any of the cells of a 

multicellular hair, but is usually 
yr Noll eg found in the terminal cell, which 

Ce is frequently more or less dilated 
XY) or globular (capitate glandular 

x 4 x9 hg Mais). Finally, the ‘ secretion- 
IG2O4 UCT reservoirs ” may be of the nature 
yams y of cavities or passages formed 
ar either lysigenously or  schizo- 

Fig. 81.—Resrn-Passace. genously (pp. 32, 33). Lysigenous 

_ (Transverse section.) cavities, containing various kinds 

of ethereal oils, are frequently 

found in leaves (fig. 18) and also in many fruits (e.g. 

orange and lemon). Most resin-passages (fig. 31) are 

examples of such structures formed schizogenously. The 

resin-passage is usually surrounded by a layer of small 

thin-walled parenchymatous cells—the epithelial layer 

—by which the substance poured into the passage is 
formed. 
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C. Tissur-Sysrems. 


§ 30. In plant-members the various forms of permanent 
tissue which we have just described are aggregated in 
various ways to form higher unities called tissue-systems. 
In all the higher plants there are three systems which, 
from their constant appearance in roots, stems, and leaves, 
stand out clearly and constitute systems of the first rank. 
These are (a) the epidermal system, (>) the vascular 
System, (c) the system of the ground- or fundamental 
tissue. It will be advisable to give a short general account 
of these before going on. to consider the various arrange- 
ments met with in different types. 


§ 31. (a) The Epidermis-general characters (figs. 32, 
33). The epidermal system, or epidermis, is the outermost 
protective layer or membrane of stems, roots, and leaves. 
in many cases, as will afterwards be explained, a tiwe 
epidermis is wanting altogether, its functions being often 
taken on by the outermost layer of ground-tissue. As 
aerial stems and leaves are the members most exposed 
to adverse external influences, it is on these that we 
naturally find the highest development of the epidermal 
system. Typically an epidermis consists of cuticularized 
tissue (p. 43), forming a single layer of cells. On roots 
and submerged parts it is not cuticularized. Sometimes 
it consists of several layers. ‘This is the case at the apex 
of most roots where the many-layered epidermis forms a 
protective structure called the root-cap (fig. 65). An 
epidermis of several layers is also found in a few stems and 
leaves. For example, in the leaf of the indiarubber plant 
(fig. 13) it consists of three layers of smal] cells, with here 
and there a larger cell containing a cystolith, In the 
epidermis of aerial parts we have to recognize ordinary 
epidermal cells, stomatal or guard-cells, and various epidermal 
outgrowths. 


§ 32. The ordinary epidermal cells of a typical one- 
layered epidermis are always more or less flattened or 
tabular. Their outline, when seen in surface view, is very 
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various. As a general rule, however, in long members they 
are considerably elongated in the direction of the length 
of the member, eg. stems and many monocotyledonous 
leaves (fig. 32, a); while, in members as bread or nearly as 
broad as long, they are not elongated, but have an extremely 
wavy outline, e.g. most dicotyledonous leaves (fig. 32, B). 
As already indicated (p. 26), the outer layers of the external 
walls are cuticularized to form the protective cuticle, which 
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Fig. 32.—PortTions or Epiprrmis, 
(Surface view.) A, Of elongated members ; B, Of short members. 
\ 


serves to prevent undue evaporation from the tissues and 
ward off the attacks of such pests as insects and Fungi. 
The cells, except sometimes in the old condition, have pro- 
toplasm, nucleus, and vacuole; but, in the great majority, 
of Flowering Plants, thes: ordinary epidermal cells have no 
chloroplasts. These, however, are present in the epidermal 
cells of Vascular Cryptogams. 


§ 33. Guard-Cells and Stomata. The stomatal or guard- 
cells are so called because they surround or guard the 
openings, known as stomata (figs. 32, 33), numerously de- 
veloped in the epidermis of aerial parts. These stomata 
communicate with the system of intercellular spaces in the 
underlying ground-tissue, and serve, as we shall see later, 
as a means of gaseous interchange between the plant and 
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the atmosphere. Usually each stoma is surrounded by two 
guard-cells—one on each side. The guard-cells are crescentic 
in form. The aperture is formed by the splitting of 
the common wall between them. They always contain 
protoplasm, nucleus, and numerous chloroplasts. Their walls 
are thickened; the thinnest in each guard-cell ig that 
which is farthest from the pore. ‘he guard-cells can alter 
their form, and thus increase or diminish the size of the 
opening. In this way they have an important part to play 
in regulating the 
amount of water- 
vapour passing out 
of the plant in the 
process of transpira- 
tion. Sometimes 
additional modified 
epidermal cells (sub- 
sidiary cells of the 
stoma) lie outside the 
guard-cells. 


MESOPHYLL INTERCELL CAVITY 
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§ 34. Position of 
Stomata. Stomata 
may be developed on 
all aerial leaf and 
stem structures —— 
even on the ovary 
and anthers of the 
flower. Except in 
the case of a few 
Bryophyta, they are 





confined to the APERTURE 
Vascular Cry ptogams Fig. 838.—HripErMIs AND SromarTa. 
and Flowering Plants. A, Section ; B, Surface view, 


They are not de- 

veloped on roots or aquatic members. On green foliage leaves, 
where they are most numerously developed, their number 
and position depend largely on the position and direction 
of the leaf. If the leaf is expanded horizontally (bifacial 
leaves, p. 9), they are usually confined to the lower surface. 


52 BOTANY. 


On floating leaves, eg. leaves of the water-lily, they are 
found on the upper surface. In some bifacial leaves, but 
more especially on vertical leaves (isobilateral leaves, e.y. the 
Tris), they are about equally distributed on both surfaces. 


§ 35. Epidermal Outgrowths. Frequently there are 
outgrowths of the ordinary epidermal cells. These are of 
the nature of hairs or trichomes (e.g. fig. 51). They are 
of varied character—sometimes unicellular, sometimes 
multicellular. They may end in a sharp point (spike-hazrs), 
or’ in a rounded knob (capitate hairs). They may be 
membranous and attached by their surface to the epidermis 
(scale-hatrs). Elongated membranous hairs attached by 
one end are called ramenta. The hairs may be branched. 
In many cases they are glandular. Their function is chiefly 
protective, sometimes absorbent (¢.g. root-hairs). The 
glandular hairs cspecially serve as a protection, their 
secrction either preventing the injurious action of moisture, 
or tending to ward off enemies, such as insects and l’ungi. 
Root-hairs are always unicellular. 


Emergences. Stronger outgrowths are often found on the surface 
of the plant. They differ from trichomes in containing a core of 
ground-tissue (occasionally also vascular tissue) and not being out- 
growths of the epidermis alone, Such outgrowths are called 
cmergences, Frequently they are of the nature of prickles, as e.g. 
in the rose (fig. 76). Other examples are found in the membranous 
outgrowths, called ligules, of many leaves, e.g. the leaves of grasses 
(fig. 74, E), the petals of the pink (fig. 97, B). 


§ 36. Water-Pores or Water-Stomata. Other openings, closely 
resembling stomata in appearance, but differing from them in im- 
portant respects, are frequently found on leaves, They are called 
water-pores or water-stomata, because, instead of giving out water- 
vapour, they excrete drops of water. They are on the average larger 
than stomata, and their guard-cells have no power of altering their 
shape. They are usually developed in groups on the upper surfaces 
of leaves, frequently on leaf-teeth or leaf-apices. These groups are 
often found over the fine terminations of the veins of the leaf, i.e. 
the terminations of the vascular system, and are associated with a 
peculiar glandular tissue (epithem tisswe) which is found at the ends 
of the veins and belongs to the vascular system. ‘hese glands are 
often called chalk-glands, because the water which is given out by 
the water-pores usually contains calcium carbonate. 
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§ 37. (6) The Vascular System. ‘his is the system of 
tissue which serves for the rapid transference of nutritive 
fluids in the plant. Typical vascular tissue is found only 
in the Vascular Cryptogams and Vlowering Plants (p. 18). 
It is @ continuous system in stem, leaf, and root. Usually it 
consists of a varying number of strands or bundles— 
vascular bundles—running longitudinally through stem 
and root, and passing out into the leaves at all levels. 
These bundles consist of parts (made up of various tissues) 
called phloem or bast and xylem or wood. In stems and 
roots showing secondary increase in thickness owing to the 
activity of a cambium (p. 40), as in trees, this primary 
arrangement in bundles is modified, and stout cylinders of 
phloem and xylem are produced. At present, however, 
we shall confine ourselves to the general characters of a 
vascular bundle. 


§ 38. The Vascular Bundle (¢.g. figs. 51, 52, 59, 60). 
Vascular bundles may consist of xylem only, or of phloem 
only, as in roots; or, as in stems and leaves, of both 
xylem and phloem. In the latter case they are called con- 
joint bundles. The xylem essentially contains tracheal tissue 
(p. 44). Associated with this, however, there are paren- 
chymatous cells (either thin-walled or thickened and 
lignified—p. 42) called wood-parenchyma, and frequently 
also sclerenchymatous fibres, called wood-fibres. The 
phloem essentially contains sieve-tubes, but associated 
with it is a certain amount of thin-walled parenchyma 
—the phloem-parenchyma. Attached to the outer 
side of the phloem in many bundles there is a bundle of 
fibrous sclerenchyma. ‘This really belongs to the ground- 
tissue, although it is called the hard bast. The phloem 
proper is distinguished from this as the soft bast. When 
a bundle contains a marked amount of sclerenchymatous 
tissue, or has a stereid bundle (p. 43) associated with it, 
it is called a fibro-vascular bundle. At the apex of 
stem or root the bundles pass into the meristematic 
tissue, from which they are differentiated. Tn the leaves 
they spread out and form the veins; the veins end in 
rarlous Ways. 
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§ 39, (c) The Ground-tissue System includes all tissues 
not belonging to the epidermal or vascular systems, It is 
evident, therefore, that it consists of many different kinds 
of tissue. The most abundant tissue is thin-walled 
parenchyma ; but associated with this are the other tissues 
in varying amount—sclerenchyma, collenchyma, laticiferous 
tissue, and glandular tissue. Very frequently this system 
is marked out into distinct regions, such as the pith, the 
cortex, the medullary rays, the hypodermis, the endodermis 
or bundle-sheath, the pericycle. All these will be described 
in due course. 


PART IL—THE ANGIOSPERM. 





CHAPTER JIL. 
SEED AND EMBRYO. 


§ 1. Before proceeding to a detailed consideration of the 
form and _ structure of the various members of the 
adult plant, it will be advisable to examine their earliest 
forms as found in the embryo. These embryos are present 
in the seeds of Flowering Plants, and we have therefore to 
consider the structure of one or two typical seeds. The 
student should make a careful practical examination of these 
with the help of the following figures and descriptions :— 


§ 2. The Sunflower Seed (fig. 34). ‘The so-called sun- 
flower seeds, obtainable of any seedsman, are really fruits, 
each containing one true seed. Before examination they 
should be soaked in water for some time. The wall of the 
fruit is called the pericarp. Jt is dry and thick, and can 
readily be removed by means of a penknife or scalpel. 
The seed which lies inside is invested by a thin yellowish or 
brownish membrane, constituting the seed-coat and called 
the testa. ‘lhe removal of this discloses a rather fleshy 
embryo plant, pointed at one end. The pointed end is 
called the radicle. The greater part of the embryo above 
the radicle can readily be ‘split into two lobes, ‘These are 
called the cotyledons, and are thick and fleshy because 
of the large amount of food-material which they contain. 
If a thin section of a cotyledon be examined under the 
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microscope, the embryonic cells can readily be made out. 
They are filled with large numbers of rounded aleurone 
grains (they are stained 
brown or yellow by 









PERICARP iodine). A large amount 
of oil also is present. If 

“TESTA - the cotyledons be gently 
a separated there will be 

a’ found towards the base, 
tee and lying between them, 


a small pointed structure 
; known as the plumule. 
NH ~-PRIMARY ROOT: The various parts of _the 
< = RADICLE embryo can be examined 
Fig, 34.—F rit AND SEED OF SUNFLOWER. in 8 longitudin mace 
A Longitudinal section of fruit; B, Em- , If the fruit be placed 
” “pryo with one cotyledon removed. in the soil, under proper 
conditions, the seed begins 

to germinate. The’ embryo grows and develops into a 
seedling plant. This growth takes place at the expense 
of the food-material (oil and proteid grains) stored up 
in the cotyledons. These insoluble food-substances are 
rendered soluble by means of ferments (p. 31); they are, 
in fact, converted into soluble compounds by a process of 
digestion. The soluble compounds diffuse to the growing 
apices of the plumule and radicle, and are made use of as 
food-material by the protoplasm. During these changes 
the pericarp and testa are burst asunder. The radicle 
elongates, grows downwards into the soil, and forms the 
root, The part of the radicle immediately beneath the 
cotyledons also elongates, and grows upwards, carrying 
with it the cotyledons, which increase in size, turn green 
in the sunlight, and are then readily recognizable as leaves 
of very simple form. ‘The upper part of the radicle which 
by its elongation has carried up the cotyledons, and which 
(after germination) is found between the cotyledons and 
the surface of the soil, is called the hypocotyledonary 
portion of the axis, or simply the hypocotyl.* The plumule 


* As we shall see later, the hypocotyl is a portion of the axis — 
which is intermediate in structure between stem and root. 
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also turns green in the presence of sunlight, and eventually 
develops into the stem and lIcaves of the sunflower plant. 

From the above it is evident that the plumule must be 
regarded as the embryonic shoot, the cotyledons as the 
embryonic leaves, and the radicle as the embryonic root 
(and hypocotyl). In the sunflower, as in most seeds, the 
plumule is an extremely small conical structure, showing 
no trace of young leaves. In some plants, however, it is 
large (e.g. the almond), and bears little outgrowths which 
are easily recognized as tiny undeveloped leaves. The axis 
of a plumule is called the epicotyledonary portion of the 
axis, or Simply the epicotyl. Together with the radicle it 
constitutes the axis of the embryo, just as stem and root 
constitute the axis of a full-grown plant. In the sunflower 
there are two cotyledons. This is characteristic of the 
Dieotyledons, the group of Angiosperms to which the sun- 
flower belongs. Where, as in the sunflower, the cotyledons 
come above ground and form the first foliage-leaves of 
the plant, they are said to be epigeal. 


§ 3. Seed of the Broad Bean (fig. 35). This is a true 
seed, the pod of the bean being the fruit. The seed, as 
before, should be soaked first in water. The seed-coat here 
is double. The outer covering is the testa. There is a 
thinner membrane within this called the endopleura, or 
tegmen. This is absent from the seeds of most Flowering 
Plants. On the testa at one end of the seed there is an 
clongated scar of a dark colour, the hilum, This is the 
point where the seed has broken away from its stalk. On 
gently pressing the soaked seed, a drop of moisture will be 
seen to exude from a minute aperture—the micropyle— 
situated at one end of the hilum. MHilum and micropyie 
are present, but not recognizable in the sunflower. Inside 
the seed-coat there is a large embryo plant. ‘This consists, 
as in the sunflower, of a radicle, a plumule, and two 
cotyledons. The radicle is short and blunt, and is situated 
to one side. Its tip lies close to the micropyle. The 
cotyledons here are much more massive than in the sun- 
flower, because of the larger amount of food-material stored 
up inthem. The plumule is larger, and is found, as before, 
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between the cotyledons. A striking difference between the 
bean and sunflower is found in the behaviour of the cotyledons 
at germination. In the bean the hypocotyl remains short, 
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Fig. 85.—Seep anD EMBRYO OF BROAD BEAN. 
A, Entire ; B, One cotyledon removed ; C, After germination, 


and the cotyledons do not come above ground, but remain 
inside the seed-coat, and simply supply food-material to the 
young plant. Such cotyledons are said to be hypogeal.* 


§ 4. Seed of the Ash (fig. 36). Ash-trees towards the 
autumn are found to bear dense tufts of brown-coloured 
fruits. If one of these fruits be examined, it will be seen 
that the pericarp towards the free end has developed into a 
tough membrane, or wing. The other end is somewhat 
swollen, and contains a single seed, which is readily exposed 
by removal of the pericarp. The brown outer layer of 
the secd is the testa; it is firmly adherent to the mass 
contained within. If, however, the seed, after being 
thoroughly soaked in water, be squeezed, a fairly large 
embryo will be expressed at one end. It consists of two 
thin membranous cotyledons, a very long radicle, and a 
minute plumule, similar in position to that of the sun- 


* The cotyledons of the French bean are epigeal. 
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flower, but recognizable only in section under the microscope. 
If now the seed, from which the embryo has been pressed, 
be cut across, a white substance will be found lying against 
the inner side of the testa, This is a tissue containing a 
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Fig. 86.—Frouir anp Srep or Ast. 
A, Entire fruit; B, Part of Pericarp removed ; C, Longitudinal, and D, Trans- 


- ligne areal a, Punicle ; 6, Aborted ovules, ‘Venus not given in 
store of food-material, and it is known as the albumen,* or 
endosperm. In the middle of the endosperm there is a 
space, in which the embryo lies. Sceds like those of the 
ash, in which, in addition to an embryo plant, there is a 
store of endosperm, are said to bealbuminous orendospermic. 
In the sunflower and bean food-substance is also stored up, 
but it is in the cotyledons, and not iu a special layer of 
endosperm tissuc. Such seeds are exalbuminous or non- 
endospermic. In the ash, the cells of the endosperm contain 
granular proteid substance, but, in addition, the walls are 
somewhat thickened, and represent a storage of carbohy- 
drate in the form of cellulose. The cotyledons remain inside 
the seed-coat for some time during germination to absorb the 
food-material, but eventually come above ground (epigeal). 


§ 5, Maize (fig. 37). The so-called maize seed is really a 
fruit containing a seed. Pericarp and testa are both thin, 
and fused together to form a single membrane. On one 

* The term albumen here must not be regarded as indicating any 


definite chemical compound. 1t came to be applied in this connexion 
by analogy with the albuminous white substance in a hen’s egg, 
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side there is an oblong area of a light colour. The embryo 
lies immediately underneath this. If the fruit be cut 
longitudinally through the middle of this area, the embryo 
will be seen in section lying to one side of a mass of starchy 


ALEURONE LAYER endosperm. If 
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tion, the endo- 
sperm will be 
stained blue, and 
the embryo more 
clearly shown. 
The outermost 
layer of the 
endosperm (just 
under the testa) 
containsaleurone 
grains, and is 
called the aleu- 
rone layer. The 
embryo consists 
of a large plu- 
mule, a radicle 
enclosed in a 
sheath, and a 
single massive cotyledon (called the scutellum), which lies 
against the endosperm. At germination the scutellum, or 
cotyledon, remains behind in the seed and absorbs the 
endosperm (hypogeal), The ferment which converts the 
starch into sugar is secreted by the outermost layer— 
epithelial layer—of the scutellum. ‘his is the secd of a 
monocotyledon. In this division of Angiosperms, as the 
name indicates, the embryo has only one cotyledon. 





§ 6. From these examples the student will have obtained 
a general idea of the parts of the embryo plant and the 
names applied to them. We now pass to the consideration 
of the fully developed members—stem, leaf, root—of the 
Angiosperm, 


CHAPTER IV. 
THE STEM OF THE ANGIOSPERM. 


§ 1. The shoot in the Angiosperm is differentiated into 
stem and leaf structures. These are very highly specialized 
and show an immense variety of forms. For this reason it 
will be convenient to study them separately. The present 
chapter is therefore devoted to the stem—its general external 
characters and internal structure. 


A. EXTERNAL CIARACTERS, 


§ 2. Nodes and Internodes. We have already stated 
that the plumule grows upwards into the sunlight, and 
develops into the leaf-bearing stem of the plant. As 
growth goes on the stem not only produces members un- 
like itself, the leaves, but may also give rise to similar 
members, 7.¢. it may branch. In the fully grown part of 
most stems, the leaves are separated by intervals from each 
other. The points at which one or more leaves are given 
off are called the nodes of the stem, and the regions 
between these the internodes (fig. 38). 


§ 3. General Descriptive Terms. Usually stems in transverse section 
are quite circular, and are described as cylindrical. Others are 
marked by alternate ridges and furrows, and are said to be angular. 
Thus the stem of the white dcad-nettle is quadrangular or square. 
Some stems are llattened. In rarer cases we meet with globular or 
altogether irregular stems. ‘The stem may be either herbaceous or 
woody. In some plants, as in the wall-flower, it is herbaceous above 
and woody below. A typical crect herbaceous stem like that of the 
foxglove or lily is called a caulis. A thick, woody stem, as in trees, 
is called a trunk. Some herbaceous stems are more or less dilated 
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or expanded at the nodes, ‘This is duc to the arrangement of 
vascular tissue at these points. The stems appear jointed, and 
hence the terms jointed or articulated applied to them. Such stems 
are called culms, Hxamples are met with in the pink and in 
grasses. The stem may be more or less hairy. It may be prickly or 
spiny. If there are no hairs, and the stem is quite smooth, it is 
described as glabrous ; if, in addition, it is more or less shiny, with 
a bluish colour, it is said to be glaucous. 


§ 4. Buds (fig. 38). The growth in length of the main 
stem, or a branch, takes place towards the apex. At the 
extreme apex the internodes have not yet elongated; the 
young leaves, which are just in the course of development, 
are crowded together and closely overlap the growing apex 
of the stem or branch. This compact structure, which we 
nearly always find at the apex of a stem, is called a terminal 
bud. As growth takes place the internodes gradually 
elongate, and the leaves become separated. It is important 
to notice that the branches of a stem make their first 
appearance as buds. These buds, which, with reference to 
the stem on which they are borne, are called lateral buds, 
are situated in the axils of the leaves, 7.e. in the angle be- 
tween the leaf and the upper part of thestem. The azillary 
position of the buds should be carefully noticed. In the 
Angiosperms it is the rule that each leaf has a bud in its 
axil. Very frequently, either naturally or owing to the 
influence of external conditions, only some of these buds 
develop into branches; the others remain quiescent. In 
circumstances of necessity, however, as, for example, when 
the main stem and chief branches have been destroyed, 
these dormant buds become active, and give new life to the 
plant. The shoots produced from such buds are said to be 
deferred. The shoots developed late on the stems of trees 
have sometimes this character. 

The normal axillary buds are developed in acropetal 
order (p. 10). Buds which are developed out of their 
proper order, or without any relation to the leaves, are 
called adventitious. The shoots of Pollards and on the 
trunks of many trees (e.g. Elm) arise from such buds. 
They may also be developed on leaves or roots. If the 
leaf of Begonia, for example, be artificially wounded and 
laid on the surface of the soil, adventitious buds are 
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developed from the wounded surface, and produce new 
plants. In the dandelion they spring from the root. 
Sometimes more than one bud is developed in the axil of 
a leaf. These are called accessory buds. Examples are 
found in the walnut, ash, and some willows. 
A bud, then, as found in the lowering Plant, may be 


_- TERMINAL BUD 
/ AXILLARY BUD 





Fig. 38.—A, Twia with Lreavss axp Buns; B, LonaiTupinaL Section 
or a Bun. 


defined as a rudimentary or embryonic shoot, consisting of 
a short axis in which the internodes have not yet elongated 
and in which the young leaves are closely crowded together 
and overlap the apex. These buds can be recognized on 
plants at all seasons, but are most noticeable, and are seen 
in the greatest variety, in winter. In many buds the young 
leaves are all of the same kind and in course of time 
develop into green foliage-leaves, but frequently, especially 
in winter buds, only the ecntral leaves of the bud are of 
this kind, while the outer ones are small and scaly— 
scale-lewes—and serve as a protection against cold 
and the loss of water (fig. 38, 8). In many winter buds also 
the loss of moisture, which would be injurious to them, is 
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prevented by the corky nature of the scales, by the secretion 
of resinous substance (e.g. the horse-chestnut), or by the 
development of a covering of hair (many willows). 


§ 5. Branching of the Stem. The branching of the stem in 
the Angiosperm is probably always lateral (p. 10) ; in other 
words, the branches arise as lateral buds in the axils of the 
leaves. The young leaves and their axillary buds originate 
as little protuberant outgrowths just below the extreme tip 
of the parent-axis. The branching may be racemose or 
cymose (p. 11). In indefinite or racemose branching (fig. 3, 
B), at each node there may be either one or a series (called 
a whorl) of two or more branches, according to the number 
of buds developed (which will depend largely on the number 
of leaves). Definite or cymose branching, if only one 
daughter-axis is given off at each branching, is said to be 
uniparous (fig. 39, Aa—pb); if two, biparous (fig. 39, £) ; if 
more than two, multiparous. The biparous cymose form 
of branching, owing to the abortion of the growing- 
point of the parent-axis, frequently resembles a dichotomy, 
hence the name false dichotomy often applied to it. The 
abortion of the mother-axis may be natural or due to 
accident. Examples are seen in the lilac and mistletoe. 
In uniparous cymose forms the successive daughter-axes 
may be developed right and left alternately—the scorpioid 
or cicinnal form (fig. 39,4); or alwayson the same side—the 
helicoid or bostrycoid form (fig. 39,c). In these two forms 
the branching would present a zigzag or spirally coiled 
appearance respectively, if the branches retained the position 
in which they are developed. But in nature the branching 
becomes straightened out (fig. 39, B, p), and the basal 
portions of the successive daughter-axes constitute what to 
all appearance is a simple parent-axis, but really a false 
axis or sympodium. The scorpioid form resembles a typical 
raceme ; the helicoid form a one-sided raceme. These sym- 

podial forms are distinguished from true racemose ones by 
the position of the leaves, which, it should be noticed, are 
given off on the opposite side from what are apparently 
lateral branches. 

The student is advised not to be content with a theoretical 
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knowledge, but to make a careful practical study of branch- 
ing by examination of a large series of plants. The 
racemose (monopodial or indefinite) is by far the commoner 
in purely vege- 
tative parts of 
stems; but ey- 
mose branching 
is frequently 
met with in 
trees——e.g. the 
uniparous form 
in the elm and 
lime. ‘Types of 
branching are 
most easily re- 
cognized in 
herbaceous 
plants; in many 
woody plants 
(shrubs “and 
trees), owing 
to the frequent 
loss or injury 
to which they 
are exposed, 
branching can- 
not be studied 
in its primitive condition, and the premature attempt to 
diagnose the more complicated forms of branching will 
inevitably lead to confusion, 
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Fig. 39.—Forms or CyMosE BRANCIING. 
A—D, Uniparous, 


§ 6. Forms of Stems. We have already indicated that 
the various parts of plants are adapted to the performance 
of certain functions. The ordinary functions of a stem are 
(a) to bear the leaves and keep them expanded or exposed 
in such a way that they may best carry on their functions ; 
(b) to give passage to various nutritive solutions passing 
between roots and Jeaves, ‘These functions may, however, 
be carried on in many different ways, according to the 
mode of life of a plant, or peculiarities in its environment. 
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Stems in different plants must have a structure and organi- 
zation adapted to the conditions in which they live, In 
addition to this stems may take on special functions. ‘I'hus 
they may serve as organs of vegetative propagation, or as 
storeplaces of nourishment; they may be specialized to act 
as protective organs, or to perform the functions usually 
carried on by other members. The student will understand, 
then, that stem-structures assume an immense variety of 
forms, according to their special adaptations. Some 
(e.g. foxglove, sunflower, lily) grow straight up, and are 
self-supporting ; they are said to be “erect.” This is the 
typical form of stem, Others are weak stems, incapable of 
themselves of growing erect. Most stems are acrial, but 
many are buried in the soil, and are called underground or 
subterranean stems, Some are herbaceous; others are 
woody, Most woody plants form shrubs or trees, and are 
perennial, i.e. persist for a number of years. Herbaceous 
plants may be annuals, living only during one season, 
and dying down in the antumn; others are biennial (e.g. 
the turnip), living during two seasons. In the first year they 
produce only vegetative shoots; in the second, flowers, 
fruits, and seeds. Many herbaceous plants, however, which 
die down in the autumn, perennate by means of their 
underground stems. Some small shoots or twigs have 
only a limited development, and are called ‘‘dwarf shoots” 
—for example, in the apple, where they are the twigs 
producing the flowers. Finally, in some plants, the stem 
is extremely short (“reduced stems”) and the leaves appear 
to come off from the top of the root. Good examples are 
seen in the daisy and dandelion. We will now consider 
some of the more important of these forms, 


§ 7. Weak Stems. Stems which do not rise but trail 
on the surface of the ground are said to be prostrate or 
procumbent; if they rise towards their apices, decumbent ‘ 
if they gradually incline upwards from the base, ascending. 
Many weak stems, however, although unable to grow erect 
themselves, make their way upwards by attaching them- 
selves to surrounding objects. These are known as climbing 
and twining plants. Climbing is effected in various ways. 
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The ivy, for example, climbs by means of adventitious 
roots; these roots, developed on the stem, fix themselves to 
the trunk or wall on which the plant climbs. The pea, the 
passion-flower, the vine, etc., climb by means of special 
organs called tendrils. These tendrils, as we shall see later, 
may be specialized stems, leaves, or parts of leaves. ‘The 
Virginian creeper climbs by means of adhesive, sucker-like 
discs; clematis, by means of its leaf-stalks or petioles, 
which act the part of tendrils, and, in fact, are often 
spoken of as petiole-tendrils. The blackberry supports itself 
by means ot prickles. As distinguished from these, twining 
plants achieve the same result by themselves twining round 
some support, as, for example, the hop, convolvulus, and 
others, ‘The object in all cases of climbing or twining is, 
of course, to enable the plant to reach the light, which 
is necessary for the formation of chlorophyll, and for the 
assimilation of carbon dioxide (p. 12). 


§ 8. Runner, Offset, Stolon, and Sucker. Many plants 
give off highly specialized shoots, serving chiefly for purposes 
of vegetative reproduction. Of these, the runner, offset, 
stolon, and sucker are the commonest. The runner (fig. 40) 
is a very slender shoot running along the surface of the 
ground, and attaining a considerable length. It arises in 





Fig, 40.—RUNNER OF STRAWBERRY. 


the axil of a leaf, at the level of the soil. At intervals 
it produces small leaves, with a bud in the axil of each. 
From the bases of these buds adventitious roots pass down 
into the soil, and in this way new plants are formed. The | 
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strawberry gives a good example. The offset (e.g. house- 
leek, fig. 41) resembles the runner in origin, but is shorter 
and stouter, The stolon is a specialized branch given off 
above the level of the soil. 
It grows downwards, and the 
surface in contact with the 
soil gives off rootlets (eg. 
currant, gooseberry). The 
sucker (fig. 42) differs from 
this in that it is given off 
below the level of the soil; it 
grows upwards, develops roots 
and aerial shoots. These 
suckers are white or pink in colour, and resemble roots. 
They are distinguished as stems, however, by their axillary 
development and the possession of scale-leaves. Good 
examples are seen in the 
mint, dead - nettle, and 
rose, 





Fig. 41,—Orrsrr or House-Lerk, 


§ 9. Bulbils. These 
may be described as axil- 
lary buds, which become 
large and fleshy owing 
to the storage of food- ‘ 
material in their leaves. 
They differ also from 
ordinary buds in the fact 
that they separate from Fig. 42,—Suckers or Minv. 
the parent plant, fall to sg SAY gan na 
the ground, and produce new plants, thus serving for 
reproduction (e.g. Lesser Celandine, some Lilies). Similar 
structures may take the place of flowers (Onion, some 
grasses, etc.). In plants producing them seed formation 
is usually uncertain, 





§ 10. Underground Stems. There are several under- 
ground forms of stems which deserve special mention. 
They serve either for vegetative reproduction or as a means 
of perennation. 

The Rhizome (incorrectly called the root-stock) is a stout 
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elongated underground stem more or less filled with food- 
material (fig. 43). Students are very apt to mistake the 
rhizome for a root. It is distinguished by the presence of 
leaves and buds (and also by internal structure), The 
leaves may be large foliage-leaves, but more frequently the 
rhizome bears only small brown scale-leaves, the foliage- 
leaves being borne on the aerial shoots developed on the 
rhizome. The rhizome may be horizontal and dorsiventral 
(p. 9), or it may run more or less obliquely through the 
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“Fig. 48.—Raizome (Symvov1aL) or SOLOMON’s SEAL. 
he numbers indicate the segments of the sympodium, 


sou. Adventitious roots are given off from its surface. It 
usually branches freely, and if these branches become 
separated they form distinct plants. The aerial branches 
may be given off after the racemose type of branching, in 
which case the rhizome on which they are borne is a simple 
parent-axis with a persistent apex (eg. the wood-sorrel). 
In other cases the apex of the rhizome grows up into an 
aerial shoot, and the growth of the rhizome is continued by 
a lateral bud developed in the axil of a scale-leaf. Here the 
rhizome is sympodial in development, being made up of the 
persistent basal portions of the successive growths, as 
indicated in fig. 43. Examples of sympodial rhizomes are 
found in the wood-anemone and Solomon’s seal. As a rule, 
the scars of leaves and branches can be readily detected on 


a rhizome. 


The elongated sympodial underground shoots developed in many 
grasses and sedges (e.g. the sand-sedge) are best regarded as 
very slender forms of the sympodial rhizome. By some they are 
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Fig, 44,.—Corm or Crocus. 
(Longitudinal section.) 


disc is due to the 
large amount of food- 
material stored in it. 
One or more buds are. 
present in the axils 
of the leaves, some- 
limes towards the 
apex of the disc (e.g. 
crocus, fig. 44), some- 
times towards the 
base (e.g. Colchicum, 
the meadow - saffron, 
fig. 45). In the spring 
these buds develop at 
the expense of the 
stored food-matorial, 
and grow up into 
aerial flowering 
shoots. Adventitious 
roots are developed 
from the base of the 
bud, and pass down 
into the soil. During 
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distinguished as creeping stems, but this 
term, if used at all, is more appropriately 
applied to prostrate stems (p. 66), like 
those of the ground-ivy, which run on 
the surface of the ground, and give off 
roots at the nodes. Used in this sense, 
the creeping stem would differ from the 
runner in being the whole prostrate stem 
of the plant, and not a special lateral 
reproductive branch. 


The Corm (figs. 44, 45) is an 
underground stem which may be 
regarded as a very much abbreviated 
one-jointed form of rhizome. It 
consists of a massive swollen stem 
called the disc, on which are a 
number of loose more or less sheath- 
ing scale-leaves. The size of the 
FLOWERING 
SHOOT 
OF LAST 
YEAR 
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Fig. 45.—Corm or CoLcHictm. 
(Longitudinal section.) 
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the summer the surplus amount of plastic substance is 
stored up in the basal portion of the new stem, and thus 
a new corm is gradually formed, which will in the same way 
produce new plants the following year. Thus the corm 
represents the basal underground part of a stem, laden 
with food-material and bearing buds and scaleleaves. Corms 
are popularly spoken of as bulbs. 

The Bulb (fig. 46) may be regarded as a specialized 
underground bud. It has a structure somewhat similar to 
the corm, but the stem or disc is comparatively small, and 
the food-material is stored up in the leaves of the bud, 
which are therefore large and fleshy, and overlap the disc, 
The bud develops at the expense of the stored material into 
an aerial flowering shoot. 
Adventitious roots are 
given off from the base. 
One or more small buds 
are present in the axils 
of the innermost leaves. 
These, Jater on, gradually 
enlarge, owing to storage 
of food-material in their 
leaves, and form new bulbs 
which will repeat the pro- 
cess next year. In some 
bulbs the leaves are large, 
and completely ensheath 
each other. The withered ag eee teen iauLt 
and shrivelled-up remains (Longitudinal scction,) 
of these invest the new 
bulb when formed like a tunic. Hence the name tunicated 
bulb (eg. the onion, hyacinth). In others the fleshy 
seales simply overlap at the margins. These are called 
scaly or imbricated bulbs (eg. lilies). True bulbs and 
corms are found only in monocotyledonous plants, In 
monocotyledonous stems there is (with a few exceptions) 
no secondary increase in thickness by the activity of a 
cambial layer. ‘These bulbs and corms supply another 
means of reproduction and perennation. 

The Stem-tuber (fig. 47) is a swollen underground stem, 
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or part of a stem, laden with food-material, and serving for 
purposes of vegetative reproduction, e.g. in the potato and 
Jerusalem artichoke. In the potato the tubers are borne 

on slender underground 
AXILLARY shoots, which are recog- 
oo nized as such, not only 
by their internal structure, 
but also by the fact that 
they bear scale-leaves. The 
tubers make their appear- 
ance either at the apex of 
a shoot, or in the axils of 
the scale-leaves, and, in- 
stead of developing into 
normal branches, become 
enormously dilated by the 
deposition of starchy food- 
material. The tuber, how- 
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Fig. 47.—SEEDLING or Poratro witr Pp osition of dev elop ment, but 
Devetorine Tusers. also by the possession of 


buds, known as the “ eyes.” 
When a tuber, or part of a tuber, is placed in the soil under 
proper conditions, the buds or “eyes” develop at the expense 
of the stored food-material, and produce new plants, 


§ 11. Stem-Tendrils, Spines, and Cladodes. In many cases, 
stem-structures undergo more complete specialization than 
those indicated above. The most striking of these are the 
‘‘ modifications ” into tendrils, spines, and cladodes. These 
are quite unlike ordinary stems, and assume forms which | 
are also met with in morphologically different (dissimilar) 
members. 

Stem-tendrils are highly specialized climbing organs. 
They are very slender, usually branch, may bear small 
scaly leaves, and are sensitive to contact. When in their 
growth they touch a suitable suppoit, they twine round it 
and raise up the part of the plant on which they are 
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developed. Their mor 


position, 


phological value is recognized by their 


Sometimes they represent lateral shoots. In 


this case they arise distinctly in the axils of leaves, ¢.9. 


the passion-flower 
and white bryony, 
Others, however, 
represent the 
modified apices of 
the successive 
shoots of a cymose 
branching. In 
this case they do 
not appear in the 
axils of leaves, but 
are placed on the 
opposite side of 
the sympodial axis 
from the leaves 
(fig. 48, and ef. 
fig. 39, By D). 
Stem-spines, or 
thorns (fig. 49), 
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are aborted branches which have become hard and sharp- 
pointed. They have lost the apical growing-point, and are 


adapted to function as protective structures. 
are seen in the sloe and hawthorn. 





Fig. 49.—Spinez OF THE 
SLOE. 


spines and prickles. 


Examples 
Their stem-nature 
is recognized as before by their 
structure, by their position in the 
axils of leaves, and also by the fact 
that though the terminal bud is 
aborted, they may bear lateral buds. 
It is interesting also to notice that 
in the plum, which may be regarded 
as the cultivated form of the sloe, 
these structures are represented by 
leafy, flowering shoots. The student 
must carefully distinguish between 
The latter are irregularly developed, 


i.e. have no definite relation to the leaves, have no vascular 
tissue, and are very readily broken off. 
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A cladode (phylloclade or cladophyll) is a branch which 
has taken on the appearance and general functions of a 
leaf. Sometimes the whole stem may be so modified, as 
in the duckweed, where it consists of a series of flattened 
leaf-like segments giving off branches of similar character. 
Usually, however, only the small 
lateral branches are so modified, as 
in Ruscus aculeatus, the Butcher’s 
Broom (fig. 50). These branches 
are very like leaves externally, 
but they bear flower-buds, and 
arise in the axils of small, scaly 
structures which are the true 
leaves. 






FLOWER 
BUD 


| § 12. The Torus or Thalamus. 

Yip. com Pere babe We have already mentioned (p. 7) 

""" Rusovs, that the flower is a specialized 

+.  gshoot. That part of the floral axis 

which bears the floral leaves (sepals, petals, etc.) is called 

the thalamus or torus. I1t.presents certain peculiarities, 

and must therefore be regarded as a special form of stem. 
It will be considered fully in the chapter on the flower. 


§ 13, Summary. We may summarize the general dis- 
tinctive characters of the‘stem in the following statement: 
stem-structures tend to grow upwards, towards the light; 
they usually end in a bud and bear leaves, lateral buds, and 
often reproductive organs ; lateral branches (in Flowering 
Plants) arise in the axils of leaves (for development and in- 
ternal structure see p. 93). We cannot, however, regard 
this as of the nature of a definition, distinctly marking off 
stems from leaves and roots, for these general characters are 
notabsolute. Thus we have seen that some stems (e.g. rhiz- 
omes) remain under ground and partake of the functions 
of roots; others have lost their terminal bud; in a few 
cases, again, buds are developed on roots and leaves. At 
the same time the student must notice these characters 
carefully ; for it is by attention to these that he can asa 
rule recognize members which, however modified they may 
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be, have the morphological value of stems. In this way 
as already indicated, the rhizome, the sucker, the tubers 
of the potato, and the spines of the sloe, etc., can all be 
recognized as stem-structures, 


B. [nvernat Srrucrvurr. 
I. THE DICOTYLEDON. 


§ 14. Primary Structure. The primary arrangement 
of tissue characteristic of the dicotyledonous stem may be 
studied in the sunflower (Helianthus) or other herbaceous 
types. Fig. 51 represents, diagrammatically, a portion of 
a transverse section of a well-developed intcrnode of the 
sunflower. On the outside is the epidermis (p. 49). The 
fibro-vascular bundles (p. 53) are seen to be arranged in 
a ring. Owing to this characteristic arrangement, the 
ground-tissue (p. 54) is marked off into (a) a central region, 
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Vig. 51.—DPanrv or A TRANSVERSE SECTION or Srem OF SuNFLoweR 
The Inter-fascicular Cambium is not found in Young Internodes. 


the medulla or pith, (6) an outer region ‘between the 
epidermis and the vascular ring, the cortex, and (c) a 
number of strands running between the bundles from pith 
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to cortex, the primary medullary rays. © The pith, medullary 
rays, and inner region of the cortex, consist chiefly of 
thin-walled parenchyma (p: 41). The hypodermal region 
of the cortex (the hypodermis), the region immediately 
under the epidermis, consists of collenchyma (p. 42). In 
the cortical parenchyma, sometimes also in the pith and 
medullary rays, small resin-passages can be detected, each 
with its epithelral layer (p. 48). If the section be stained 
with iodine it is found that the cells of the innermost 
cortical layer contain starch-grains. This layer is then 
distinctly marked off from the rest of the cortex. It is 
the endodermis or bundle-sheath (here a starch-layer). 

Fig. 52 represents the structure of one of the fibro- 
vascular bundles in transverse and also in longitudinal 
section. ‘The bundles are conjoint (p. 53). The xylem or 
wood is internal ; the phloem or bast external; and there 
is between them a strip of meristematic tissue, the fascicu- 
lar or intra-fascicular cambium. Bundles having the xylem 
and phloem placed: side by side in this way are called 
collateral. When a cambium is present, so that further 
growth (secondary growth) may take place, they are said to 
be open. ‘The bundles of the sunflower, then, are collateral 
and open. ‘The primary xylem contains annular, spiral, 
reticulate, and pitted vessels. ‘They are more or less arranged 
in radial rows, and amongst them is a tissue consisting of 
wood-fibres (p. 53) and wood-parenchyma (p. 42). The 
smallest (annular and spiral) vessels are found in the region 
of the primary xylem which lies next the pith, This is the 
region of the protoxylem. As it consists of lignified tissue 
the wood turns brown under the action of iodine. So also 
the hard bast, which is sclerenchymatous, The soft bast 
consists of sieve-tubes and thin-walled parenchymatous 
cells, Some of these cells are small and closely associated 
with the sieve-tubes; they are known as companion cells 
(fig. 28). Others are larger and called cambiform cells, 
‘The cambium is a single layer of thin-walled elongated 
cells which in transverse section are seen to be more or 
less four-sided and flattened. ‘Towards the beginning of 
secondary growth, owing to the division of its cells, it seems 
to consist of several layers. 
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§ 15. Longitudinal Course of the Bundles, Fig. 53 
represents diagrammatically the longitudinal course of the 
bundles in a Dicotyledon. ‘racing one of these upwards, 
we find that it runs through one or two internodes, and 
then bends out into a leaf. At the point where this bending 
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Fig. 52.—-Frero-vascunar Bunpie—Srem oF SunrLoweEr. 
(Transverse and radial Jongitudinal sections.) 


takes place, another bundle arises, runs upwards through 
one or two internodes, and passes out to a higher leaf, 
So with all the bundles of the ring. Or we might express 
it in another way, and say that bundles pass into the stem 





53, — DIAGRAM 


Fig. 
SHOWING GENER- 
ALLY TUE LOoNaI- 
TUDINAL CouRSsE 
OF THE BUNDLES 
IN A DIcotTyue- 
DONOUS Stem. 
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from the leaves, run downwards in the 
stew, and finally join on to bundles enter- 
ing the stem from older leaves, The 
bundles are common bundles, z.e. they are 
not confined to the stem, but are common 
to stem and leaf. The upper part of 
the bundle, running obliquely through the 
cortex towards the leaf, is called the 
leaf-trace. In the stem all the bundles 
run parallel to the epidermis, and at an 
equal distance from it. ‘That is why, 
in transverse section, they form a ring. 
There is frequently considerable branching 
and intercommunication of the bundles 
at the nodes. It follows that the primary 
medullary rays are Of limited height. 


§ 16. The Apical Meristem and De- 
velopment of Tissues. Having now 
described the arrangement and different 
regions of permanent tissue found in the 
fully grown herbaceous stem, let us see 
if we can trace any relation between these 
and the apical meristem from which 






they are derived. A 

longitudinal section s 

(figs. 54, 55) through aL hea _YOUNG LEAVES 
the apical bud of a PERIBLEM~-_ SRD iu 
dicotyledonous stem PLEROME~~=< KATO! 

; ROLLIN, AD 
shows the apical me- Ox BE Ea \A 


ristem, and also the 






Tw 









mode of origin of young 
leaves and branches. 
By examining such a 
section, and also a regu- 
lar succession of trans- 
verse sections, we can 


trace the gradual 
differentiation of 
tissues. 





Fig. 54.—GrRowinG-Pornt or a Strat. 


(Longitudinal section.) 
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Three regions can be distinguished in the apical meristem. 
There is a single outermost layer passing right over the 
apex. If we trace this layer away from the apex into the 
region of permanent tissue, we find that its cells divide 
only by walls at right angles to the surface; there are no 
divisions parallel to the surface. Thus the layer remains 
single. It 
passes finally pERMATOGEN 

XN 


into the epi peristem ~» 
dermis. It is S 


the embryonic PLEROME~ 
epidermis, and 
is called the 
dermatogen. 
Internal to this 
is the second 
region, the 
periblem. At 
the extreme 
apex this is 
usually a single 
Jayer ; but, be- 
hind the apex, 
owing to the 
irregular 
division of its 
cells, it becomes 
many - layered. 
From it the 
cortical region 
of ground- Fig. 55.—Growrna-Point oF A Sven. 

tissue is de- (Longitudinal section —diagrammatic.) 
veloped. ‘The 

periblem, therefore, is the embryonic cortex. Its inner- 
most layer becomes the endodermis, or bundle-sheath. 
The third region forms the core, or central part of the 
meristem. It is known as the plerome. From this 
region are differentiated all tissues lying within the endo- 
dermis, including the vascular bundles, pith, and medullary 
rays. Such a column or cylinder of permanent tissue 


LEAVES 
\ 














Tp ti 
f fe 
Ly) 


24 : see i TRACE Y/ 
ie aw 


J “ PROCAMBIAL 
Mt STRAND 










80 BOTANY. 


differentiated from a plerome is called the central cylinder, 
or stele (Gr. ornAn, a column). The plerome, there- 
fore, is the embryonic stele. In the stems of nearly all 
Flowering Plants there is a single plerome giving rise to 
a single stele—hence these stems are said to be monostelic. 
A stele, although it may present different appearances in 
different plants, always contains vascular tissue (7.e. the 
vascular system of tissue is developed in the stele) associated 
with a larger or smaller amount of ground-tissue (pith, 
medullary rays, etc.). The ground-tissue of the stele is 
called conjunctive, or intra-stelar, to distinguish it from 
the cortical ground-tissue, derived from the periblem, which 
is outside the stele, and therefore called extra-stelar. 
We must examine the differentiation of these tissues of the 
stele in greater detail. 





§ 17. Development of the Vascular Bundle. Some little 
distance behind the apex of the stem, several longitudinal 
strands of elongated cells make their appearance near the 
periphery of the plerome. 
These are known as the pro- 
cambial strands (fig. 55). 
The cells of these strands, 
although they have grown 
in length, are still meri- 
stematic. They become 
elongated, the divisions 
that take place in them be- 
ing chiefly longitudinal. A 
transverse section (fig. 56) 
shows that they are de- 
veloped in a ring in the di- 

© ; PROTOPHLOEM cotyledonous stem. These 
BROFEREGI. BI procambialstrandsdevelop 

Fig. 66.—TRANSVERSE SECTION NEAR THE into the vascular bundles ; 
fee ot At ay oe wens TUG they are in fact the embry- 
(Dingraiitenay’ onic bundles, The differ- 
entiation of the procambial 

strand can be followed by examining sections farther 
and farther from the apex. The first xylem elements— 
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protoxylem, consisting of annular and spiral vessels—make 
their appearance on the inner side of the procambial strand ; 
the first phloem elements—protophloem—on the outer side. 
Differentiation proceeds from these two points towards the 
centre of the strand. The xylem vessels formed last are 
pitted. The differentiation of the procambial strand, how- 
ever, is incomplete. A layer of meristematic cells persists 
in the middle, between the xylem and the phloem, as the 
Jasciculur cambium. Being derived directly from the apical 
meristem, this is a primary meristem (p. 40). The groups 
of xylem and phloem thus developed from the procambial 
strands are described as primary to distinguish them from 
the secondary xylem and phloem formed later by the 
activity of the cambium. The protoxylem, as already 
indicated, is only the first-formed portion of the primary 
xylem. It should be particularly noticed that the primary 
phloem thus developed is the soft bast. The hard bast 
is not developed from the procambial strand. 





§ 18. Intra-stelar Ground-Tissue. The medulla or pith 
is the ground-tissue differentiated from the central region 
of the plerome, 7.e. inside the ring of procambial strands. 
lt is the central ground-tissue of the stele. The medullary 
rays consist of ground-tissne developed between the pro- 
cambial strands. ‘The student must now very carefully 
notice that, in addition to these, there is a band of ground- 
tissue developed from the peripheral region of the plerome, 
i.e. oulside the ring of procambial strands, and just internal 
to the endodermis (figs. 55, 56). This is the pericycle. In 
some Dicotyledons, this band consists entirely either of thin- 
walled tissue or of lignified tissue (sclerenchyma). Most 
frequently, however, the portions of the pericycle which lie 
just outside the procambial strands, and these only, are 
lignified, and consist of fibrous sclerenchyma, These lignified 
strands constitute the hard bast of the bundles, It will 
now be evident that, strictly speaking, the hard bast does 
not belong to the bundle at all, but is a lignified portion of 
the intra-stelar ground-tissue (although in practice it is 
convenient to regard it as part of the phloem). The por- 
tions of the pericycle which lie between the hard bast 
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strands are parenchymatous, and are usually, in description, 
included in the medullary rays ‘Thus a perieycle may be 
defined as the peripheral region of intra-stelar ground-tissue. 
It may be homogeneous, consisting of one kind of tissue 
only, or heterogeneous, consisting of different tissues. 
Occasionally, the pericycle of the stem isa single layer 
of parenchymatous cells (e.g. wall-flower). 


§ 19. The relations between the regions of permanent 
tissue and the regions of apical meristem may be shown 
thus :— 


Dermatogen ———_-> Epidermis —--—> Kpidermal 
System. 
Cortical or Hypodermis. 
Periblem —> Extra-stelar 4 General Cortex, System of 
Ground-Tissue, Endodermis. E 
igs —> Ground 
Intra-stelar Pericycle. Tissue 
Ground-Tissue. + Med. Rays. x 
Plerome => Stele => Pith. 
Vascular oe Vascular 
Bundles, System. 


§ 20. Summary. The stems of most herbaceous Dicoty- 
ledons, and the young tender shoots of dicotyledonous 
shrubs and trees, have a structure agreeing in its general 
characters with that just described. These general characters 
may be summarized :— ‘ 

(w) The apical meristem shows dermatogen, peri- 
blem, and plerome, 

(0) The stem is monostelic. 

(vc) The bundles, in transverse section, are arranged 
in a ring, and thus the ground-tissue is 
divided into cortex, pith, and medullary 
rays. 

(¢) The bundles are collateral, and most of them 
common, The xylem contains typical 
vessels, wood-fibres, and wood-parenchyma. 
The phloem contains sieve-tubes, eambiform 
and companion cells. Hard bast is often 
present as a lignified portion of a pericycle. 

(e) The bundles are open, so that secondary growth 
may take place, 
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§ 21. Exceptional or Peculiar Arrangements. In some stems, 
e.g. white bryony (Bryonia dioica), instead of a single ring of bundles 
in transverse section, there are two. The bundles of the two rings, 
however, alternate, @.e. lic on different radii of the stem. Sometimes 
(Cucurbitacez, e.g. white bryony) we find a modified form of the 
collateral bundle called the bicollateral. In this there are two phloem 
masses, one external as in the collateral bundle, the other internal, 
next the pith. It differs from the ordinary open collateral bundle 
simply in having an internal mass of phloem, 

In some aquatic plants, e.g. Myriophyllum, the water milfoil, the 
vascular tissue of the stele has not separated into distinct collateral 
bundles. The bundles are all aggregated towards the centre. Hence 
there is no pith. The xylem consists of a single central mass, and 
is completely surrounded by a band of phloem. This vascular mass 
is surrounded by pericycle and endodermis. ‘Till recently such a 
vascular mass was spoken of as a concentric bundle. In reality it 
is asimple stele consisting of a number of vascular bundles com- 
pletely fused or not distinct from each other. We may still speak 
of it, however, as the concentric arrangement. The essential re- 
semblance between this simple stcle and the stele of the sunflower 
will be recognised if the student imagines the bundles of the sun- 
flower to become aggregated and fused together in the middle of the 
stem so that the pith is oblitcrated. 

Finally,,there are a few dicotyledonous plants, ¢g. Auricula, in 
which several plerome strands are found in the apical meristem. 
Each of these gives rise to a distinct stele, so that the stem contains 
a number of steles, and is said to be polystelic. These steles are not 
so strongly developed as is the single stele of the typical monostelic 
forms. They are simply concentric masses of vascular tissue, sur- 
rounded by pericycle and endodermis (cf. the single stele of Myrio- 
phyllum). It is by the presence of a pericycle and endodermis that 
we can, in the full-grown stem, recognize each as a distinct stele. 

Simple steles like those of milfoil or Auricula are confined to the 
stem and do not themselves pass out to the leaves, although the 
leaves receive vascular strands from them. They are usually spoken 
of as cauline (or stem) bundles to distinguish them from common 
bundles. 


§ 22. Secondary Growth. We have now described the 
primary structure characteristic of dicotyledonous stems, 
In herbaceous Dicotyledons it is practically the only struc- 
ture to be recognized. On the other hand, in woody stems, 
where a larger amount of vascular tissue is required, this 
primary structure is completely modified by secondary 
growth. By secondary growth is meant the formation of 
new tissue owing to the activity of a cambium layer, 
so that the member in which it occurs increases in thickness, 
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The student must bear in mind that the cambium is a meri- 
stem. Its cells are capable of dividing and forming new 
cells, which are modified or differentiated into permanent 
tissue-celements. ‘The new tissues thus formed are called 
secondary to distinguish them from the tissues differentiated 
from the apical meristem. In considering this process we 
have to study the formation, not only of secondary vascular 
tissue, but also of secondary ground-tissue (phelloderm) and 
secondary tegumentary tissue (cork and bark), 


§ 23. Initiation of the Process, We have already seen 
that there is a layer of fascicular cambium between the 
primary xylem and phloem. When the process of secondary 
growth is about to begin, certain of the parenchymatous 
cells in each medullary ray also become meristematic. 
These strips of secondary meristem (p. 40) are called inter- 
fascicular cambium (fig. 51). They cross the medullary 
rays from one bundle to another, and join on to the 
fascicular cambium. In this way a complete ring of 
cambium—the cambium ring—-is formed in the stem. Its 
formation can readily be studied in the older intcrnodes of 
Helianthus, where there are the beginnings of secondary 
growth, or in the young green twigs of trees, 


§ 24. Division of the Cambial Cells. The elongated cambium cells 
are flattened in the radial ditection, and their end-walls are ob- 
liquely inclined (fig. 4,B). The method of division is as follows :— 
Each cell divides tangentially (i.e. by a wall at right angles to the 
radial direction) into an outer cell and an inner cell. Of these one 
continues as a cell of the cambium. The other may divide once 
or twice, but all the cells to which it gives rise are ultimately 
differentiated into permanent tissue. The cell which continues as 
a cambial cell increases in size and again divides. As before only 
one of the two cells is differentiated. And so on. 


§ 25. The Secondary Tissue (fig. 57), The new cells 
formed by the cambium are given off on both sides— 
internal and external, Those given off on the inner side 
are modified into wood elements—secondary xylem ; those 
on the outer side, into phloem elements—secondary phloem. 
It is evident, if the original position of the cambium ring 
be kept in mind, that the secondary xylem is laid down 
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just outside the pith and primary xylem groups, and that, 
as a consequence of this, the cambium ring passes farther 
and farther from the centre of the stem, pushing in front 
of it the phloem-tissue both primary and secondary. In 
other words, the primary xylem and primary phloem 
become widely separated from each other, owing to the 
intercalation between them of the tissue formed by, and on 
either side of, the cambium. ‘Thus the primary phloem 
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: : Sor ’ 
lies on the outer side of the secondary. Being thrust out 
wards as it is, and lying therefore on the circumference of 
a widening circle, it is subjected to lateral tension, For 
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this reason it is very frequently spread out over the surface 
of the secondary phloem, and the original distinct groups of 
primary phloem are no longer recognized; but scattered 
groups of -bast-fibres (representing the original hard bast, 
i.e. pericycle fibres) are frequently seen on the periphery 
of the secondary phloem. 

Seeing that the interfascicular cambium as well as the 
fascicular produces this secondary tissue, there are no longer 
wide medullary rays running between pith and cortex. 
Certain cells of the cambium ring, however, instead of 
giving rise to wood and phloem elements, produce paren- 
cbymatous cells which form narrow medullary rays traversing 
radially the secondary wood and phloem. Strictly speaking, 
seeing that they are formed from the cambium, they consist 
of secondary tissue. Usually, however, those whose forma- 
tion commenced at the beginning of secondary growth, and 
which therefore run (though they are very narrow) from 
pith to cortex, are still called primary, the term secondary 
being reserved for those whose formation began later, and 
which therefore start somewhere in the secondary wood and 
end somewhere in the secondary phloem. 

The cambium ceases division during the winter. Jt re- 
news its activity in the spring. Each year it forms a band 
of secondary wood and secondary phloem. The circular 
bands of secondary wood are distinctly marked off from 
each other, and are known as the annual rings. The 
wood formed in the spring differs somewhat from that 
formed in the autumn. The former, the spring wood, 
consists of large, well-formed elements; the latter, the 
autumn wood, of smaller, more strongly thickened and 
lignified elements. Larger elements are formed in the 
spring, because there is less pressure inside the stem then 
than there is in the autumn. It is because the spring wood 
of each annual ring lies just outside the autumn wood of 
the preceding ring, that the appearance of ringing is so 
distinctly marked. By counting the number of annual 
rings the age of the stem can be ascertained. Thus four 
annual rings would be found in a four-year-old internode, 
This appearance is not seen in the phloem. Usually the 
phloem forms a continuous circular band, traversed by 
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narrow medullary rays. In some cases, however (eg. the 
lime), owing to the medullary rays expanding tangentially, 
by growth and division of their cells, the phloem seems to 
be made up of a number of conical masses with the apices 
directed outwards. The primary phloem groups are found 
at the apices of these. 

‘he secondary xylem consists of wood-vessels, wood-fibres 
(sclerenchymatous fibres and tracheides), and wood-paren- 
chyma. ¢ contains only pitted vessels, Tho secondary 
phloem frequently consists entirely of soft bast, the only 
bast-fibres present being those of the primary phloem spread 
out over the surface of the secondary phloem. Sometimes, 
however (e.g. lime), the second phloem consists of alternat- 
ing layers of soft and hard bast. The medullary rays are 
vertical plates of parenchyma traversing the wood and 
phloem in a radial direction, Their cells are elongated 
radially. They are not usually more than one to a few 
cells wide. In height they vary from two to about fifteen 
cells. They must not be thought of as sheets of tissue 
running continuously from the base of the stem to the apex. 


§ 26. Duramen and Alburnum. In old trees showing 
many annual rings, the central region of secondary wood 
becomes distinctly marked off from the peripheral region. 
This is due to the wood-cells (wood-parenchyma) losing their 
contents, The result is that the central region contains 
much less water, and with this there is associated a change 
in colour. It is darker and harder than the peripheral 
region. The central region is called the duramen or heart- 
wood; the peripheral region the alburnum or sap-wood. 
Only the latter retains its full functional activity in the 
transference of watery solutions. 


§ 27, Phellogen—Formation of Cork (fig. 57). It is 
evident that this internal formation of secondary wood and 
phloem must exert considerable pressure on the peripheral 
tissues (cortex and epidermis). The epidermis is stretched 
and eventually ruptured. To provide for this there is the 
formation of new tissue from another cambial layer de- 
veloped in this region, This cambial layer, which arises as 
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a secondary meristem, is the phellogen or cork-cambium. 
In the majority of cases (e.g. elder) it has a superficial] origin 
in the outermost Jayer of the cortex, immediately underneath 
the epidermis. At some stage in the process of secondary 
growth, the cells of this layer become meristematic, ‘The 
young cells given off to the outer side of the phellogen are 
suberized, and form a tissue known as cork or periderm. 
This tissue being impermeable to water cuts off the epi- 
dermis from nourishment. The epidermis dies and gradually 
peels off as the first bark of the tree. The cork is the 
secondary tegumentary tissue developed to replace the epi- 
dermis and carry on its functions. New cells may also be 
produced on the inner sido of the phellogen. The tissue 
thus formed is parenchymatous and is added on to the 
primary cortex. Itis the phelloderm or secondary cortex. 
‘This tissue, however, is frequently absent (fig. 57), or only 
sparingly developed, during the first few years of secondary 
growth. 


Although the phellogen of the stem usually originates in the outer- 
most cortical layer, it may arise in other layers. Thus in willows it 
originates in the epidermis itself. Sometimes it is the second or 
third layer of the cortex which becomes meristematic, e.g. laburnum. 
In clematis, the vine, and others, the first phellogen arises in the 
pericycle. In these last cases the first bark consists not only of the 
dead epidermis, but also of all cortical tissue external to the phello- 
gen. It may be taken as a general rule that the deeper the origin 
of the phellogen, the earlier and more abundant is the formation of 
phelloderm. 


§ 28. The Bark may be defined as all dead tissue lying 
outside an active cork-cambium. We have already indicated 
what the first bark consists of. The first phellogen formed 
may persist for a large number of years, e.g. the birch; in 
the beech it persists throughout the life of the tree. This 
is the case only where the first phellogen has a superficial 
origin. In such cases there may be a considerable forma: 
tion of bark owing to the dying off of the older cork-layers, 
But in most cases this first phellogen dies, sooner or later in 
those plants where it has a superficial origin, early in those 
where it is deep-seated, It is replaced by a new or secondary 
phellogen developed in the deeper tissue. This produces a 
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new cork-laycr, and as a result all the outlying tissues (the 
original cork, ete.) die and are added to the bark, If the 
succession of secondary phellogens is rapid it often happens 
that the phellogen comes to lio close to the phloem. In 
some cases, even, the new phellogens may arise in the 
phloem, e.g. vine and Clematis. 


, In some trees the bark comes away in shccts, and is spoken of as 

ring-bark, ‘Uhis may be duc either to tho fact that the first 
phellogen is persistent, e.g. the birch, or to the fact that the succes- 
sive phellogens appear in the form of regular rings. But in many 
trees the bark is given off in scales—scale-bark—e.g. the plane. This 
is due to the fact that the secondary phellogens do not arise as 
regular rings or layers, but in the form of little tangential strips 
abutting on the previous phellogen. 


§ 29. Lenticels (fig. 58). In the young green shoot, the 
epidermis, as we have seen, has stomata allowing for the 
interchange of gases and water-vapour necessary to the life 
of the plant. When . 
the cork -tissue is EPIDERMIS LOOSE CELLS 
developed we usually ; " 
(not always) find cer- 
tainstructures know: 
as lenticels. Thesc 
form small oval scars 
on the brown surface 
of the shoot (eg. in 





‘ / 
Pp oints the cork-cells Fig. 58.—SecTion THROUGH A LENTICRL. 


are not in close con- 

tact, but have separated from each other and form a 
loose, granular, or powdery mass through which gases 
and vapours can readily pass. These lenticels are as 
a rule developed immediately underneath the stomata, 
Where a thick mass of cork is developed they form long 
passages or canals, filled with the powdery cork-cells, as, 
for example, in the ordinary cork of commerce. The 
lenticels are closed during winter by the formation of 
ordinary cork-tissue. 
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IT, THE MONOCOTYLEDON. 


§ 30, The Typical Arrangement. Fig. 59 shows the 
arrangement of tissues in the typical monocotyledonous stem 
as seen in transverse section. There is an epidermis and 
a large number of vascular bundles scattered irregularly 
through the ground-tissue. Owing to this scattered ar- 
rangement of the bundles, the ground-tissue is not marked 
off into pith and medullary rays, The ground-tissue con- 
sists chiefly of thin-walled parenchyma, but just under the 





ENDODERMIS \ V. BUNDLE . 
GENERAL CGRTICAL TISSUE PERICYCLE 


.( Fig. 59.—Hanr or a TransvERSE SECTION OF A MoNocOTYLEDONOUS STEM. 


(Diagrammatic.) The tissue between the bundles is thin-walled intra-stelar 
ground-tissue, 


epidermis there may be patches of collenchyma or scleren- 


chyma ; and as a rule, also, there is a sheath of lignified . 


(sclerenchymatous) ground-tissue round each bundle (fig. 60). 
In addition to this there is, in many monocotyledonous 
stems, a stout band of sclerenchyma, called the strengthen- 
ing zone, developed just outside the region containing the 


bundles, This strengthening zone is the lignified scleren-, 


chymatous pericycle. The layer of cells immediately out- 
side it is the endodermis, which, however, is usually very 
faintly marked in M onocotyledons. The endodermis, as in 
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Dicotyledons, is the innermost layer of the cortical or 
extra-stelar ground-tissue, All the tissues within the 
endodermis belong to the stele, consisting of vascular 
bundles and intra-stelar ground-tissue. The monocotyle- 
donous stem is monostelic. | 

While this arrangement is found in many mono- 
cotyledonous stems, e.g. Ruscus (the butcher’s broom) and 
Asparagus, it should be carefully noticed that in others 
the pericycle and endodermis are not distinguishable from 
the rest of the parenchymatous ground-tissue, intra-stelar 
or extra-stelar—e.g. the Maize. 


§ 31. The Vascular Bundle (fig. 60). The bundles are 
collateral. he xylem is directed towards the centre of 
the stem, and is usually more or less distinctly V-shaped. 
large pitted vessels, one or more, are situated on each arm 
of the V. The protoxylem vessels oceupy the apex of the V. 











PROTOPHLOEM 
SIEVE TUBES 
COMPANION CELLS 


LARGE PITTED 
VESSELS 


SMALL PITTED 
VESSELS 


SPIRAL ANO 
ANNULAR VESSELS 


XYLEM PARENCHYMA 
LYSIGENOUS CAVITY 
SCLERENCHYMA 


Fig. 60,—TRANSVERSE SECTION OF VASCULAR BUNDLE OF. Maize, 


In some plants, ¢.g. the maize, one or more of the annular 
vessels break down and give rise to an air-passage. The 
phloem lies between the arms of, but, as a rule, slightly 
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outside, the V. It consists of sieve-tubes, cambiform and 
very regular companion cells. On its outer side small proto- 
phloem elements can often be recognized, but there is no 
hard bast. ‘The reason of this will be evident if the student 
remembers that the hard bast in the Dicotyledon is a 
lignified portion of the pericycle. The bundles are closed, 
ze. there is no cambium, and therefore no secondary 
growth, 


§ 32. Longitudinal Course of the Bundles (fig. 61). The 
bundles are common. The leaves have usually a broad 
insertion, and from them a number of bundles can be traced 
into the stem, Their downward course 
in the stem is not parallel to the surface, 
but curved. They first run cbliquely 
downwards towards the centre, and then 
bend outwards again towards the surface. 
After running through one or two inter- 
modes they join on to bundles passing in 
from older leaves, At all levels then we 
obviously have bundles situated at varying 
depths in the ground-tissue, and it is 
for this reason that the transverse section 
shows a scattered arrangement. 


§ 33. Apical Meristem and Differenti- 
ation of Tissues. In the apical meristem 
dermatogen, periblem, and plerome can be 
distinguished as in the Dicotyledon. The 
_  dermatogen gives rise to the epidermis, 
Fig. 61.—Lonatrupi- the periblem to the cortical or extra-stelar 

NAL COURSE oF : 
wuz Bunpirs i ground-tissue, and the plerome to the 
PHP oe woNocoty stele. As already indicated, the endo- 
(Diagrammatic) dermis (innermost layer developed from 

the periblem) and hypodermal tissue (collen- 
chymatous or sclerenchymatous) may or may not be dis- 
tinctly marked off. The pericyele may or may not be scleren- 
chymatous. Scattered procambial strands appear in the 
plerome, Differentiation of vascular tissue takes place asin 
Dicotyledons, but is complete, so that no cambium is left, 
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§ 34. The student should very carefully compare the 
monocotyledonous characters above described with thoso 
of Dicotyledons (p. 82). 


§ 35. Modifications. Sometimes the bundles are not irregularly 
scattered, but confined to particular regions of the ground-tissue. In 
the black bryony (7amus communis), for example, they run in the 
region of ground-tissue immediately inside the strengthening zone. 
In this case there is a superficial resemblance to the dicotyledonous 
arrangement. In grasses the central region of the ground-tissue in 
the internodes has been absorbed, so that the internodes are hollow, 
and the bundles therefore run in the (intra-stelar) ground-tissue near 
the epidermis. Finally, in a few Monocotyledons—-Yucca, Dracena, 
etc.—there is a form of secondary growth. Jt is only in these few 
forms that we mcct with secondary growth among Monocotyledons. 
Certain examples of monocotyledonous trees may occur to the 
student, such as the palms. In these, however, there is no secondary: 
growth. The whole of the tissues of the stout palm-stem are derived 
from a huge apical meristem. In these palms there is the typical 
scattcred arrangement, though the tissucs undergo much thickening 
and lignification. 


§ 36. Exceptional Secondary Growth. In Yucca, Dra- 
eena, and 4 few others, there is a form of secondary growth. 
In the primary condition of the stem there is the typical 
scattered arrangement of common bundles which are closed. 
A cambium originates in the pemcycle entirely as a secondary 
meristem. It gives rise to new tissue on the inner side 
only, and this tissue is differentiated into new secondary 
bundles with intervening ground-tissue. The new bundles 
are cauline (true cauline bundles—not steles), A phellogen 
(secondary meristem) also develops beneath the epidermis, 
and produces cork. 


Ul, GENERAL. 


§ 37. Origin of Lateral Branches. In both Dicotyledons 
and Monocotyledons axillary buds have a superficial origin 
from the apical meristem of the parent-stem. ‘They arise 
as little protuberances of dermatogen and periblem only 
(fig. 55). The pleromoe of the parent-axis takes no part in 
their formation. Jor this reason their development is said to 
be exogenous, As the axillary protuberance increases in size 
7 plerome (derived from the periblem of the parent-axis) 
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differentiates, and becomes connected with the plerome of 
the parent. Young leaves begin to grow out and overlap 
the apex. Thus we have an axillary bud whicli in all 
respects reproduces the structure of the apical bud of the 
parent-axis. 


§ 38. Cork-Formation in Wounds. When a stem (or 
other member of a plant) is injured, the outermost un- 
injured layer of living ground-tissue forms a meristem 
(phellogen), producing a cork-layer which protects the 
wounded surface. This power of healing wounds is 
possessed by many Monocotyledons as well as hy 
Dicotyledons. 


CHAPTER V. 
THE ROOT OF THE ANGIOSPERM. 


§ 1. General Characters. The root may be defined as 
that member of a plant which tends to turn downwards, 
away from light and towards water; which, as an almost 
invariable rule, bears neither leaves nor buds; and which 
usually has at the apex a protective cap of tissue called 
the root-cap. The internal structure and development, also 
are characteristic. As already mentioned, it is by con- 
sideration ‘of these characters that true roots can be dis- 
tinguished from root-like stems. 


A. ExvernaL CHARACTERS, 


§ 2. Tap and Adventitious Roots, As already explained, 
the terniinal portion of the radicle is the embryonic or 
primary root. In the majority of Decotyledons the primary 
root, at germination, elongates, grows down into the soil, 
branches, and forms the root-system of the plant. This is 
known as a tap-root system. The elongated parent-root is 
described as a tap-root, and the branches, if developed in 
regular acropetal succession, as normal secondary roots. 'The 
branching is invariably lateral, Where an elongated tap- 
root bears normal secondary roots the branching is sacemose 
(fig. 47). Where the parent-root remains short, and the 
normal branches form the extensive root-system, the 
branching may be compared with the cymose type (fig. 62). 
Instead of normalroots, however, we may find adventitious 
roots. These are roots developed (a) on other roots, but not 
in the normal order of acropetal succession ; (6) on stems ; 
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(c) in a few cases on leaves. Adventitious roots also are 
common in dicotyledonous plants, more especially in those 
with rhizomes, runners, trailing stems, etc. (e.g. figs. 42, 43). 
In Monocotyledons, in nearly all cases the roots are ad- 
ventitious. In this group the primary root elongates only 
very slightly at germination, or not at all, and adventitious 
roots are developed from the base of the stem (fig. 37). 


§ 3. Functions and Adaptations of Roots. Like stems, 
roots have a form and organization adapted to their mode 
of life and the conditions in which they live. Only whcre 
_ they are exposed to light do they contain chlorophyll, and 
help to aslight extent in carbon-assimilation. Being usually 
buried in the soil, they are not exposed to such a diversity 
of influences as stems; their environment being less complex 
and more uniform, they naturally show less variety in form 
and adaptation. At the same time, the functions of an 
ordinary root—(a) the fixation of the plant, (6) the absorption 
of nutritive solutions from the soil—may be carried on in 
many different ways, according to the nature of the soil or 
the needs of the plant. We find also that roots may take 
on special functions. They may function as storeplaces of 
nourishment, or as climbing organs. Sometimes they are 
aerial, sometimes aquatic. In a few cases roots are more 
highly specialized as floats, tendrils, or spines. For these 
ae the forms and adaptations of roots are by no means 
ew. 


§ 4, Forms of Tap- and Normal Branch-Roots. The 
most typical form, found more especially in herbaceous 
Dicotyledons, is the fibrous 

ji | | branching taproot. Here 

ee ea IN both the main or ta 
a, if p ( root and the nos 
PAF] jG A branches are elongated 
and slender, more or less 
resembling fibres (fig. 47). 
Such roots are found 


; “cc : n 
Fig. 62.—Suorr Primary Root wits only in deep-feeding 
Fisrous Norman BRraNncuEs, plauts. A modification 
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of this is the short stout primary root, with an extensive 
system of fibrous normal branches (fig. 62). Such roots 
are found in “surface feeders.” Sometimes a tap-root is 
very strongly developed, owing to the deposition of food- 
material in it. Thus (fig. 63), in the carrot and others 
it is stout at the base and tapers towards the tip— 





CONICAL FUSIFORM NAPIFORM 
Fig. 63.—¥orms or THICKENED ‘Tap-RooT, 


the conical tap-root; in the radish or cabbage it is 
stout towards the middle and tapers towards the base and 
apex—the fusiform tap-root ; in the turnip the base is 
massive and rounded, passing abruptly into the tapering 
apical portion—the napiform tap-root. Sometimes normal 
secondary roots become swollen and tuberous, e.g. the dahlia. 
These normal root-tubers are developed in many other 
dicotyledonous plants. Roots whose branches are covered 
with little rounded outgrowths or tubercles are said to be 


tubercled. 


§ 5. Forms of Adventitious Roots. Adventitious roots 
are usually slender and fibrous, as in grasses. But, fre- 
quently, owing to storage of food-material, they become 
tuberous, as in many orchids, These root-tubers may be 
simple and undivided; or double, ¢.e. branched into two 
(double tuber); or branched in a finger-like manner 
(palmate tuber, fig. 64), They are developed adventitiously 
from buds produced at the base of the season’s shoot. 


Bot. i 
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In the following year the 
buds develop into new aerial 
shoots at the expense of the 
material stored up in the 
tubers. Sometimes adven- 
titious roots are aerial, as in 
many orchids. Occasionally 
these aerial roots function as 
climbing organs, e.g. the ivy 
(root-tendrils), Many plants 
have what are called para- 





No, 64,— } a 
ee eae or“ gsitie roots.* These plants, 


instead of deriving their food- 
material in the usual way, send “suckers” into other 
plants and _ absorb 
their nutritive juices, 


~ COTYLEDON COTYLEDON 

§ 6. The Root-Hairs 
(p. 52) are developed 
on roots a_ short 
distance behind the 
root- cap. They do 
not persist behind this 
region. Besides act- Phen 
ing as absorbing or- PLUMULE- “\ 
gans they play an, \ 
important part in the PROCAMB.  \o 
fixation of the plant, STRAND 









as the particles of soil PITH--~ Ves 
firmly adhere to them. NB S 
oY My} R O 
PLEROME>~~\oo! i 
B. Internat Srruc- X& 5 o 
PERIBLEM--- 5 
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DERMATOGEN-* 
§ 7. The Apical 


° < Tig. 65.—Loneitupinat Srcrion or EMBRYO 
Region. F ig. 65 or SunrLower (LOWER Pant ony). 
represents diagram- (Diagrammatic.) 


* According to some these are not true roots, but structures of the 
nature of emergences (p. 52), They differ from simpler emergences 
in having a core of vascular tissue, and from most roots in being 
usually exogenous in origin, 
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matically a median longitudinal section of the radicle of the 
embryo of the almond or sunflower. See also fig. 66. 
Covering the apex is the root-cap, which, as has already 
been indicated (p. 49), is a many-layered epidermis. Beneath 
this is the meristem, which gradually passes farther back 
into the older tissue of the root. The meristem shows the 
same regions as in the stem—dermatogen, periblem, and a 
single plerome or embryonic stele. In roots, the dermatogen 
cells wswally divide by both perpendicular and tangential 
walls, so that at the apex of the root it forms the many- 
layered root-cap. The periblem, as in the stem, gives rise 
to the cortical or extra-stelar ground-tissue. The plerome 
gives rise to the single stele; the root, like the stem, is 
monostelic. Procambial strands make their appearance in 
it, and, on further development, these are completely 
differentiated into 
vascular bundles— FROOT-CAP 

some into xylem 
bundles, others into 
phloem “ bundles. 
The differentiation 
of both xylem and 
phloem bundles be- 
gins on the outer 
side of the _ pro- 
cambial strands, so 
that the protoxylem 
and _— protophloem 
both le to the 
outside. In most 
Dicotyledons the 
root-cap tissue 
Seat ame \ PILIFEROUS LAYER . 

" Fig. 66.—LonairupinaL Section THROUGH THE Tip 
layer, which pro- or THR RADICLy OF A MONOCOTYLEDONOUS EMBRYO, 
duces the root-hairs, 

In most monocotyledonous roots, as can readily be recog- 
nized in a similar section of the radicle of the maize, the 
same structures are seen; but here the tissue of the root- 
cap peels off completely, so that behind the apex the 


~ 
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superficial layer is the outermost layer derived from 
the periblem (fig. 66). 


Practically all roots are monostelic. Only one or two exceptional 
cases of polystely (p. 83) have been recently described in a few palms. 
It is only recently that the root-cap has come to be generally 
recognized as epidermis. Previously it was regarded as a distinct 
tissue, and the layer of meristem from which it is derived was called 
the calyptrogen—a term no longer necessary. 


§ 8. Primary Structure of Roots. A transverse section 
of a monocotyledonous, or of a young dicotyledonous, root 
(figs. 67, 68) shows a varying number of vascular strands, 
or bundles, more or less aggregated towards the centre. 
These bundles, developed from procambial strands, are not 
conjoint, but consist of phloem only, or xylem only. The 
xylem and phloem bundles are equal in number, and 
alternate with each other, so that they are situated on 
different radii of the transverse section. They are separ- 
ated by conjunctive or intra-stelar ground-tissue. It is 
important to notice that in the xylem of roots the proto- 
xylem elements (annular and spiral) lie towards the peri- 
phery, not towards the centre; as in stem-bundles. This is 
one of the characteristic structural distinctions between 
stems and roots. In many roots all the xylem bundles fuse 
or meet in the centre of\the root in a number of large 
pitted vessels; in this case there is no medulla or pith. 
In others, the xylem bundles are distinct, and the centre of 
the root is occupied by a parenchymatous (or, in some roots, 
sclerenchymatous) pith, representing the central region of 
the stele. This vascular mass is surrounded by two special 
layers of ‘cells. The inner layer consists of parenchy- 
matous cells with protoplasmic contents, and is the 
pericycle or pericambium.* It is the outermost layer of 
the stele (cf. the stem). In the roots of Angiosperms it is 
usually a single layer. The outer of the two layers is the 
endodermis or bundle-sheath, and is the innermost layer of 
cortical or extra-stelar tissue developed from the periblem 
(cf. stem). Its cells in transverse section are four-sided, 


* The term originally applied to the pericycle of the root. 
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and slightly elongated tangentially. Z'ypically the radial 
walls of the cells have a wavy, uneven character, and there- 
fore, as seen under the microscope, appear less definite 
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Fig. 67.—TRANSVERSE Secrion or A YOuNG DicotyLeponous Roor with 
TETRARCH STELE, 
and somewhat darker than the others (fig. 67). Fre- 
quently the radial and inner walls are strongly thickened 
and cuticularized (fig. 68). Outside the endodermis lies the 
parenchymatous cortical tissue. The outermost layer of 
the root is called the piliferous layer, or epiblema. 
These terms are used instead of epidermis, because, as we 
have seen, this outermost layer has not a constant morpho- 
logical value,—_sometimes being a true epidermis (Dicoty- 
ledons generally), sometimes the specialized outermost 
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layer of the cortical tissue (Monocotyledons generally). 
Sometimes the layer internal to the epiblema consists of 
large cells, or is other- 
wise distinguished ; it 
is called the exodermis. 


ENDODERMIS 
( PERICYCLE 







§.9. The vascular 
cylinder in roots was for- 
merly regarded as a com- 
pound vascular bundle, 
and described as a radial 
vascular bundle, because 
the xylem forms a number 
of rays with alternating 
groups, or patches of 
phloem. It was placed 
on a level with, and com- 
pared with, the collateral 
bundle of the stem. We 
have. now to recognize 
that the vascular cylinder 
of the root is a steéle, 
containing a number of PROTOXYLEM 
bundles (in addition to Fig. 68.—TRANSVERSE SECTION OF THE CENTRAL. 
intra-stclar ground-tissue), Part oF THE Root oF IRis, SHOWING THE 
and is, therefore, com- PoLyaRrcH STELE, 
parable, not to a single 
collateral bundle, but to the whole stele of the stem. The steles of 
root and stem must be regarded as homologous morphological units. 

\ 


§ 10, Monocotyledonous and Dicotyledonous Roots. 
While in monocotyledonous and young dicotyledonous roots 
the general arrangement, as described, is the same, there 
are several very characteristic points of difference :— 


(a) In Dicotyledones (figs. 67, 69, 70) the number of xylem 
bundles wswally varies from two to five, although there 
may be more than five. In Monocotyledons, while a limited 
number—about five to eight—is sometimes found (e.g. root 
of leek), there are usually many more than this—as many 
as twelve to twenty (e.g. roots of iris, or maize, fig. 68). 
Where there are only two xylem (and two phloem) bundles, 
the stele is described as diarch; where three, triarch; four, 
tetrarch ; five, pentarch; many, polyarch. 

(0) In both Dicotyledons and Monocotyledons the differ- 
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entiation of procambial tissue is complete; but, in most 
Dicotyledons, a cambium, and later a phellogen, arise as 
secondary meristems, and secondary growth takes place; 
in these the structure above described is only the primary 
structure. In Monocotyledons there is no secondary growth, 
and the same structure can be recognized in all the fully 
developed regions of the root. 

(c) In Monocotyledons the pitted vessels are large ‘and 
nearly circular in transverse section ; in Dicotyledons they 
are usually much smaller, and more or less polygonal. 


§ 11. Secondary Growth in the Dicotyledon (figs. 69-71). 
When secondary growth is about to begin, certain con- 
junctive cells lying on the inner side of each phloem bundle 
become meristematic (figs. 69, 70). Thusstrips of cambium, 
equal in number 
to the phloem 
bundles, make 
their appearance. 
These ~+gradually 
extend outwards 
between the xylem 
and phloem 
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produced come into d olike \ 
gentoct, with ide ’ PERICYCLE \ PHLOEM 
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gi oe. saps ‘'ENDODERMIs = PROTOXYLEM 
ets © P Fig. 69.—Transverse Section or Tor Diarcu SteELE 
xylem. These oF A DicotyLEponovs Root, 


pericycle-cells now The origin of the Cambium is shown, 
become _meriste- 

matic, and, in this way, the cambium strips are united 
and become continuous round the tips of the protoxylem 
groups. Thus a continuous wavy band of cambium is 
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formed, running internal to the phloem bundles external 
to the xylem. It should be recognized that this cambium 
is entirely a secondary meristem, arising partly from 


PROTOXYLEM 
ENDODERMIS 
| PERICYCLE PHLOEM 





/ 


CAMBIUM 


Fig. 70.—TRANSVERSE SECTION oF TRIARCH STELE Root or ELDER. 
Secondary growth is beginning. 


parenchymatous cells between xylem and phloem, partly 
from the pericycle. 

The cambium-cells divide exactly as in the stem. The 
secondary xylem (fig. 71) is laid down around the pith (if 
present) and the primary xylem bundles, The secondary 
phloem is formed outside the cambium, and, together 
with the primary phloem and other tissues, is gradually 
thrust outwards as the cambium adds to the secondary 
xylem. The cambium-cells on the inner side of each 
primary phloem bundle are the most active, and, owing to 
this, the cambium-layer as a whole, which was at first 
a wavy band (in transverse section), soon becomes circular. 
The cambium-cells lying just outside the primary xylem 
bundles, instead of giving rise to secondary wood and 
phloem, usually produce strands of parenchyma—the main 
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(also called primary) medullary rays—radiating outwards 
through the secondary wood and phloem from the tips of 
the protoxylem groups. Jf a very compact secondary wood 
is formed, it may be difficult to detect the primary xylem 
bundles, or the main medullary rays. Small secondary 
medullary rays also are formed from the cambium-cells. 
Tf the primary structure and the subsequent development 
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© ~-MED, RAY 
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PR. PHLOEM 


Fig. 71.-—TRANSVERSE Secvion or DicoryLepoNous Noo’ AFTER 
SrconDaRy GROWTH. 


(Diagrammatic.) 


be borne in mind, it is evident that the primary phloem 
bundles should be found just outside the secondary phloem 
on radii alternating with the primary xylem bundles ; 
but, frequently, as in the stem, they are more or less 
disorganized and mixed with the secondary phloem. 

Jf there is any considerable secondary growth, the 
pericycle, sooner or later, becomes completely meristematic, 
and forms a phellogen, or cork-cambiuwm (a secondary 
meristem). This phellogen produces cork externally, and 
usually also, internally, a considerable amount of phelloderm 
(as in most deep-seated phellogens). Lenticels may be de- 
veloped. The endodermis and cortical tissue die, and are 
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given off as bark. It is comparatively rarely in roots that 
the phellogen has a superticial origin. 


§ 12. Development of Lateral Rootlets (fig. 72). Normal 
root-branches are usually developed, in Angiosperms, 
entirely from the pericycle. The cortical tissue of the 
parent-root takes no part in the formation of the tissues 
of the lateral branch. This development from a deep- 
seated layer is called endogenous. ‘he development begins 
some little distance behind the apex of the parent-root, 
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Fig, 72.—TRANSVERSE SECTION OF A DIcoryLEDoNous Roor (witn DiAKcR 
STELE), SHOWING THE DEVELOPMENT OF A LATERAL Roor.et, 


! 
! 


but before secondary growth has set in. The young lateral 
roots make their appearance in the pericycle just outside the 
protoxylem groups, so that the number of longitudinal 
rows of lateral roots usually corresponds to the number of 
xylem bundles in the stele. Thus, if there are four xylem 
bundles, there will usually be four longitudinal rows of 
normal lateral branches. When development begins, the 
cells of the pericycle divide, ze. become meristematic, and 
produce a growing-point, which soon shows a distinction 
into dermatogen, periblem, and plerome. ‘The young 
branch-root gradually elongates, boring its way through 
the overlying cortical tissue till it reaches the surface 
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of the parent-root. At first the endodermis and, it may 
be, one or two layers of cortical cells form a sort of cap 
over the apex of the developing rootlet. This is known as 
the “ digestive sac” because it secretes a ferment which 
disorganizes or digests the walls of the overlying cells and 
so enables the young root to reach the surface, The 
structure of the lateral root is identical with that of the 
parent-root. In Dicotyledons it is evident, considering 
the points at which the rootlets are developed, that after 
secondary growth has begun they will be seen (ina 
transverse section) radiating out from the tips of the 
primary xylem bundles, and therefore running as it were 
through the main medullary rays. 


Adventitious Roots are developed similarly. If they are developed 
from the stem, they originate in the pericycle of the stem. 


§ 13, Exceptional Cases. Not uncommonly lateral rootlets are 
developed from the pericycle opposite the phloem bundles, e.g. in 
many grasses whcre the pericycle is wanting opposite the protoxylem, 
and many Umbellifcree where an oil-duct lies in the pericycle opposite 
each protoxylem group. Often when the stele is diarch there are 
four rows of lateral rootlets, two being developed opposite the 
phloem. 


§ 14, Secondary Growth in Dracena.—Exceptional secondary 
growth is found in the root of the monocotyledonous plant 
Dracena, The meristem-ring originates as a secondary meristem 
either in the pericycle or in the cortical tissue, or partly in one, 
partly in the other. There is also cork-formation, the phellogen 
originating in the superficial cortical tissue beneath the epiblema. 
There are a few other monocotyledonous plants in which a similar 
formation of cork occurs in the root, although there is no secondary 
formation of vascular tissue (¢.g. the ris). 


§ 15. Functions of the Pericycle (Pericambium).—The 
student must be careful not to confuse the pericambium 
with the cambium-layer. The cells of the pericycle 
have a great capacity for remaining or becoming meriste- 
matic. In both Monocotyledons and Dicotyledons, as we 
have seen, lateral roots originate in this layer, and, in 
most Dicotyledons, it helps in the formation of the cambium- 
layer, and later gives origin to the phellogen. 
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§ 16. Transition from Root to Stem—the Hypocotyl 
(p. 56). We have already stated that the vascular system 
~ is continuous in root and stem. It is evident that the 
transition from the arrangement characteristic of the root 
to that characteristic of the stem is effected in that region 
of the axis which lies between typical stem and typical 
root. This region is the hypocotyl. The transition is 
effected in different ways ; but, in many cases, if we trace 
the vascular tissue from the root to the hypocotyl, we find 
that each xylem and phloem bundle divides radially into 
two. These xylem and phloem bundles fuse in pairs to 
form the conjoint bundles passing up into the stem. In 
this process the phloem bundles practically retain their 
position with the protophloem towards the exterior, but 
the xylem bundles twist round so that they lie on the 
inner side of the phloem bundles with the protoxylem 
internal. In such cases there is the same. number of 
conjoint bundles in the stem as there are xylem and phloem 
bundles in the root. 


CHAPTER VI. 
THE LEAF OF THE ANGIOSPERM. 


A. ExtTernAL CHARACTERS. 


§ 1. Parts of the Leaf (fig. 73). The leaf is a natural 
outgrowth on the stem, and arises as a morphologically 
dissimilar member. The axis of this outgrowth is spoken 
of asa phyllopodium. In typical cases the phyllopodium 
shows three regions :—(a) a_ basal 
region, the hypopodium; (6) an 
apical region, the epipodium; and 
(c) a middle region, or mesopodium. 
Usually the leaf is more or less flat- 
tened, owing to the development of 
a membrane or wing on one or more 
of these parts of the phyllopodium. 
The wing is nearly always present 
on the epipodium, and this region of 
the leaf (epipodium + wing) is called 
the lamina or lea/-blade. Sometimes, 
however, there is no wing, as in 
cylindrical leaves like those of the 
onion or stonecrop, Occasionally the 
epipodinm js wanting altogether, as 
in many scale-leaves and in phyl- Fig. 73.—A wyricas Lray. 
lodes (p. 124). The mesopodium may 

(fig. 87), but usually does not, have a wing. This region 
of the leaf is called the leaf-stalk or petiole. As a rule 
it is more or less cylindrical, but, frequently, flattened 
or grooved on its upper surface. The petiole is absent 
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in most Monocotyledons and many Dicotyledons. The 
hypopodium, the part joining on to the stem, may or 
may not be winged. This region is called the leaf-base or 
vagina. In many scale-leaves it is the only part of the 
leat represented. It may be swollen and form a sort of 
cushion of tissue called the pulvinus. In many Dicotyle- 
dons, rarely in Monocotyledons, the leaf-base bears a pair 
of outgrowths called stipules, representing a development of 
its membrane or wing (fig. 74, B). 


§ 2. Various Types of Leaf-Structure. Correlated with 
the diverse functions which have been taken on by leaves in 
adaptation to their surroundings, the forms of leaves are 
innumerable. Several well-marked types, however, are of 
general occurrence amongst the Angiosperms. They are as 
follows :— F 

(a) Cotyledons. These are the leaves of the embryo 
(p. 57). They function as nursing or feeding organs, 
serving either for the storing of food-material or its absorp- 
tion. If they come above ground as the first assimilating 
leaves of the plant, they are much simpler in form than the 
foliage-leaves developed later. 

(6) Cataphyllary Leaves, or Scale-leaves. Typically these 
are small brown membranous leaves, devoid of chlorophyll. 
They are developed on many underground stems (e.g. 
rhizomes), and form the, protective scales of many buds 
(fig. 38, B). Their function is protective. They may serve 
to protect buds that are developed in their axils, or, in the 
case of bud-scales, they protect the inner undeveloped foliage- 
leaves of the bud. In most cases they represent leaf-bases, 
petiole and lamina being absent; but bud-scales may be 
the stipules of foliage-leaves (alder), or the stipules of scales 
(beech) or rudimentary lamine (lilac), Sometimes scale- 
leaves function as reservoirs of storage material, as in 
many bulbs. 

(c) Foliage-Leaves, These are the ordinary green leaves. 
They are the chief assimilating, respiring, and transpiring 
organs of the plant (p. 14), Chlorophyll is present because — 
it is an essential factor in the assimilation of carbon. : 

(2) Bracts and Floral Leaves. These are the highly 
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specialized leaves borne on the reproductive shoots (foral 
region). They have been specially adapted to carry on 
reproductive functions. These leaves will be fully considered 
im connexion with the Flower (Chapter IX.). 


In $$ 3 to 15 we shall consider more especially the 
characters of ordinary foliage-leaves. 


$ 3. General Descriptive Terms. If the leaf-base is winged and 
forms a sort of sheath clasping the stem half round at the insertion 
of the leaf, the leaf is said to be semi-amplexicaul ; if it clasps 
completely round, amplexicaul (fig. 74, D). If the petiole is present, 
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). 
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Fig. 74,—Forms, ETC., or LRAVES. 
A, Peltate leaf of Garden Nasturtium; E, Ligulate leaf of a Grass, 
(Hanlm = Culm, p. 62.) 


the leaf is petiolate; if absent, sessile. The leaf is peltate if the 
petiole is attached to its lower surface and not to its basal margin 
(e.g. garden Nasturtium—fig, 74, A). In sessile leaves, if the winged 
leaf-base (continuous with the lamina) clasps round the stem, the 
leaf is auriculate (fig. 75, B); if it fuses on the other side of the 
stem so that the stem seems to have grown up through the leaf, 
perfoliate (fig. 75, A). Ifthere are two opposite leaves at the node, 
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and their membranous bases fuse round the stem, they are said to 
be connate (fig. 75, c). If in a leaf the membrane runs vertically 
down the stem for some distance, the leaf is decurrent (fig. 74, C). 





Fig. 75.—-A, PERFOLIATE Lear; B, AcRIcULATE Lear; C, CoNNATE LEAVES, 


Sometimes, as in grasses, a membranous outgrowth (the ligule = an 
emergence, p. 52) is developed on the base of the lamina, and the leaf 
is said to be ligulate (fig. 74, E). 
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Fig. 76,—A, CompounD LEAF OF RosE witH PETIoLAR STIPULES; B, PART oF 
FLOWERING SHooT oF Pra, sHoOwiINa ComrounD LEAF 1N WHICH THE Upper 
LEAFLETS ARE MODIFIED INTO A TENDRIL. (From Green, modified.) 


A leaf is stipulate or exstipulate according as stipules are present 
or absent, These stipules vary much in position, size, and form, 
Sometimes they are large, green, and leafy (fig. 76, B), showing 
the same development as an ordinary lamina (e.g. the pansy) ; 
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frequently they are sinall and scaly ; in some winter buds they form 
the outer protective scales (c.g. the alder). Occasionally the stipules 
are modified into spines (Robinia pseudacacia) or tendrils (Smitaa:). 

Various kinds of stipules are recognized. If they run up the base 
of the petiole for some distance, they are called petiolar (rose— 
fig. 76, A). Where there is only one leaf at 
the node, if they run ronnd to the other side 
of the stem and fuse there, an opposite stipule 
is formed ; if their inner margins cohere between 
the leaf and stem, an awillary stipulc is formed ; 
if they cohere in both ways, a tubular sheath 
called an ochrea (fig. 77) is formed round the 
base of the internode (Polygonacez). Some- 
times the stipulcs of opposite leaves (two at 
a node) fuse on each side to form interpetiolar 
stipules. 


§ 4. Insertion of the Leaf. The point at 
which the leaf-base joins the stem is called 
the insertivn of the leaf. Leaves arc described 
as cauline or ramal according as they are de- idee bsg ; 
veloped on the main stem or on the branches. "8, (7 HEAT AND 
Leaves developed on very short “reduced ” o¥ Polygonum, 
stems (p. 66) so that they appear to come 
off from a root are called radical leaves (e.g. dandelion, daisy, 
primrose). 





§ 5. Phyllotaxis (the arrangement of leaves on a stem). 
Two kinds of phyllotaxis are recognized :—-(a) Spiral, 
(6) cyclic or whorled. Inspiral phyllotaxis the leaves are 
developed one at each node, and are said to be alternate 
(fig. 38, A). It is spoken of as the spiral arrangement, 
becuuse, if an imaginary line were supposed to pass through 
the bases of the leaves in the order of their development, it 
would describe a spiral round the stem, In cyclic phyllo- 
taxis two or more leaves forming a whorl (p. 64) are 
developed at each node; if two, the leaves are opposite ; 
if more, verticillate. If in any one whorl the opposite 
leaves are placed immediately above those in the whorl below, 
so that there are only two rows of leaves on the stem, they 
are said to be opposite and superposed. Usually, however, 
they are placed at right angles, so that there are four rows 
of leaves ; this is the opposite decussate arrangement. 

Formerly the elementary student was distracted by the enormous 
importance attached to phyllotaxis. ‘This incubus has now to a 
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large extent been lifted from him. The following facts, however, 
may be interesting and worth attention. In spiral phyllotaxis tLe 
imaginary spiral line, following the order of development of the 
leaves, is called the genetic spiral. The angle of. circumference 
between any one leaf and the next in order aboveit, in other words, 
the angle between the two vertical planes passing through these two 
leaves, is the angle of divergence. Thus, suppose the alternate 
leaves are arranged in two opposite vertical rows (as in grasses). 
Evidently the divergence, or circumferential distance between any two 
leaves taken in order, is 2, i.e. the angle of divergence is 180°, The 
two vertical rows of leaves are called orthostichies. Again, suppose, 
calling a particular leaf No. 1, you pass through five leaves before 
coming to one, No. 6, lying immediately above No.1, and that to 
reach No. 6 you have passed twice round the stem. Jividently the 
divergence is represented by } (the whole circumfercntial distance 
divided by the number of leaves), and the angle of divergence is 
144°. The whole course gone through from leaf 1 to leaf 6 con- 
stitutes a cycle, There are five rows of leaves or orthostichies. 
Thus to find the divergence simply divide the number of turns in a 
cycle by the number of leaves passed on the way or by the number 
of orthostichies. For example, in a divergence of 4, it is leaf No. 4 
which lies above No. 1, and only one turn of the circumference is 
gone through ; there are three orthostichies. 

The divergences common in plants may be arranged in two 
series :—(a) 4,4,2,$,a5.. . . (0) 4,3, 3 ay, os. - . . The student 
should notice the peculiar relation existing between the members 
in each series. Kach may be got by adding the numerators 
and denominators of the two preceding ones. Thus the scries are 
easily remembered. ; 

In cyclic phyllotaxis there is probably a number of genetic 
spirals running round the stem; thus, in the opposite decussate 
arrangement, two with a divergence of 3. 


§ 6. Venation. The vascular bundles which pass into 
each leaf from the stem branch out in the lamina and 
form the veins of the leaf. If the lamina is comparatively 
thin and membranous, we can recognize one or a number of 
chief veins or ribs as they give rise to projecting ridges on 
the under surface. But between these there are innumer- 
able small veinlets running through the ground-tissue of 
the leaf and forming no projecting ridges. The character 
of the venation, ie. the arrangement or appearance 
presented by the veins, depends chiefly on the number 
of prominent veins or ribs and the arrangement of the 
smaller veins or veinlets. Two chief types are recognized 
in Angiosperms :—(I) Reticulate venation, characteristic 
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of dicotyledonous leaves, though occurring also in a few 
Monocotyledons; (II) parallel venation, found in Mono- 
cotyledons only. In reticulate 
venation the veinlets between 
the larger veins run together 
irregularly to form a network 
(fig. 74, 4). In parallel venation 
the larger veins or the veinlets 
all run more or less parallel ; 
no irregular network is formed 
(fig. 78). In both types the 
venation may be unicostate or 
multicostate, according as there 
is one chief vein (the midrib) or 
a number of chief veins. The 
former is also spoken of as the 
feather or pinnate type of vena- 
tion. In multicostate venation Fig. 73.—Paratuen Venanoy, 
the large veins may be divergent A, Unicostate ; B, Multicostate. 
or convergent as they run to- 

wards the apex. Multicostate reticulate venation is usually 


divergent. 


Il, RETICULATE VENATION. 


f1. Unicostate (feathered or pinnately veined), fig. 73, 
\2. Multicostate: 


(a) Divergent (radiately or palmately veined), fig. 79. 
(b) Convergent (not common). 
II, PARALLEL VENATION. 
| 1, Unicostate (feathered, pinnate or curved-veined), ¢.9, 





Banana and fig. 78, A. 
2. Multicostate (straight-veincd) : 


(a) Divergent : Many palms. 
(b) Convergent: Grasses, lilies, fig. 78, B, 


§ 7. Branching. The phyllopodium may branch. The 
branching is as a rule confined to the epipodium or region 
of the lamina. It is closely associated with and clearly 
indicated by the venation. In fact, the chief veins may be 
regarded as representing the branches of the epipodium. 
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Thus the unicostate type is clearly a racemose branch 
system; while the multicostate type is a cymose branch 
system, in which the median rib of the series (a, fig. 79) 
represents the parent-axis, and those to the side (6, ¢, d) 
a number of daughter-axes as strongly or almost as 
strongly developed. The 
appearance presented by 
the lamina depends chiefly 
on the extent to which 
the wing of the epipodium 
is developed between the 
branches. Sometimes it 
is completely developed, 
and the margin of the 
lamina is entire (fig. 74, B). 
Usually, however, it is 
not completely developed. 
rig. 79.~Paumavirip Lear, rnustratina The extent to which it 
BE oer ec ee BRANCHING is incomplete varies: im- 
mensely, Sometimes there 
are only small irregularities or cuttings of the margin, 
as in figs. 73, 814; frequently larger indentations called 
incisions are produced between the veins or branches of 
the epipodium, eg. figs. 82, 83. In many leaves the 
wing is not developed at all between the branches, and 
the lamina then consists of a number of distinct separate 
portions called leaflets, articulated at one point (fig. 83, 4), 
or borne on a common stalk or rachis (fig. 76, a); such 
leaves are called compound leaves; all other leaves, in which 
the wing is present to some extent, however little, between the 
branches, are called simple leaves. The leaflets of compound 
leaves in many respects resemble simple leaves. They may 
even have structures resembling stipules and called stipels. 





A compound leaf is one in which the lamina is broken up into a 
number of separate parts called leaflets, articulated at one point, or 
borne on a common rachis. A simple leaf is one in which the lamina 
is not split up into distinct leaflets. It is evident, remembering that 
the lamina is a branch system, that the nature of the incision in a 
simple leaf, and the number and arrangement of the leaflets in a 
compound one, will be correlated with the type of venation. 
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§ 8. Outline of the Lamina. Many terms are in use to 
describe the simpler forms of outline presented by simple 
leaves or the leaflets of compound leaves. Only those most 
frequently used are given below. 


A leaf is subulate (fig. 80, 4) when it is narrow, firm, and hard, 
and gradually tapers from base to apex, ending in a sharp point, 
as in the gorse—-here there is no distinction into petiole and lamina, 
and no wing is developed ; acicular, if it is elongated and sharp- 
pointed, with distinct edges (fig. 80, B); linear, if clongated, flattened, 





Fig. 80.—OvuThLINES, ETC., OF LEAVES. 
A, Subnlate ; B, Acicular; ©, Linear; D, Lanceolate; E, Oblong; F, Cordate ; 
G, Obovate; H, Obcordate. In E and G the apex is rounded or obtuse ; 
in F, acuminate; in Hi, retuse. 


and membranous, with parallel margins as in grasses (fig. 80, C); 
lanceolate, if elongated and gradually tapering towards base and apex 
(fig. 80, D); oval, or elliptical, if relatively shorter and broader, 
tapering towards base and apex (fig. 73); oblong, if of much the 
same length and breadth, but rounded at base and apex (fig. 80, BE) ; 
orbicular, sub-rotund, or rounded, if it approximates towards the 
circular (fig. 74, A); ovate, if rounded off towards the base and 
pointed towards the apex (fig. 74, 5) ; obovate, if the reverse (fig. 
80, G); cordate, or heart-shaped if pointed at apex and notched at 
the base where the petiole is attached (fig. 80, F); obcordate, if 
notched at apex and tapering towards the petiole at the base 
(fig. 80, #); reniform, or kidney-shaped if notched at the base, more 
or less elongated transversely, and rounded at the apex (fig. 81, A); 
spathulate, if wide and rounded at the apex and g7adually narrowing 
towards the base (fig. 81, B); cuneate, or wedge-shaped if similar to 
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the spathulate form, but with a more or less acute or drawn-out 
apex (fig. 83, A); sagittate, if shaped like an arrow-head, with the two 
basal lobes directed backwards (fig. 81, C); hastate, or halbert-shaped 
if the two basal lobes are directed outwards (fig. 81, D). Sometimes 


RENIFORM 


\ 









\ We Ls HASTATE 
SPATHULATE = SPO G15 
lig. 81.—OvTiines or LEAvEs. 


the two halves of a leaf are not equally developed. Such leaves are 
oblique. They would .be described as obliquely cordate, obliquely 
ovate, etc. 

Scmetimes the outline is best indicated by a combination of the 
above terms; thus, ovate-lanceolate, etc. 


§ 9. The margin of a leaf or leaflet is entire if it is perfectly even 
and shows no irregularities (fig. 80) ; serrate, if it shows a number of 
sharp processes directed forward towards the apex (fig. 76, A); dentate, 
or toothed, if these processes project outwards and are not directed 
forwards (fig. 84, C); crenate, ifthe processes are rounded (fig. 81, A); 
biserrate, bidentate, bicrenate, if the processes themselves bear 
smaller secondary processes of the same kind; spiny, if the margin 
bears a number of hard, spiny processes resembling prickles (e.9. 
holly); crisped, or curled, if very wavy and irregular, as in the 
endive ; sinuate, if the margin is more deeply indented, as in the 
oak (fig. 82,D). The sinuate margin forms a transition to the deeper 
cuttings of the margin, which are called incisions (§ 12). 


§ 10. The apex of a leaf or leaflet may be rounded (or obtuse 
—fig. 80, £); if it comes to a point, it is acute (figs. 80c, 764); 
if slender and very much drawn out, acuminate (fig. 83, a); if it 
seems to have been cut across, truncate ; if it bears a distinct minute, 
pointed process, mucronate (fig. 82, F); if there is a rounded 
depression at the apex, retuse (fig. 82, A); if the depression is 
sharp, emarginate. 


§ 11. Hairs. The leaf may be hairy. If the margin of the leaf 
bears a fringe of fine hairs, it is described as ciliate. 
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§ 12. Incision of the Lamina. In a wnicostate leaf, if 
the incisions do not pass half-way down to the midrib, the 
leaf is pinnatifid (fig. 82, 8); if rather more than half-way, 
pinnatipartite (fig. 82, c) ; if almos¢ to the midrib, pinnatisect 
(fig. 82, B). Corresponding to these simple leaves, we have, 
where the incision is complete, the compound leaf of the 





Fig. 82.—Incision oF LAMINA, 
A, Paripinnate compound leaf; B, Pinnatisect leaf; C, Pinnatipartite leaf ; 
8, Pinnatifid leaf; D, Leaf with sinuate margin ; F, Imparipinnate unijugate 
compound leaf, 


pinnate type (fig. 82, a). Similarly, where the venation is 
multicostate, we may have palmatifid (fig. 79), palmati- 
partite (fig. 83, c), or palmatisect (fig. 83, B) simple 
leaves; and the corresponding compound leaf is of the 
palmate type (fig. 83, A). 


The terms pinnati-fid, -partite, -sect, palmati-fid, -partite, -sect are 
also applied to leaflets of compound leaves. If the divisions of a 
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simple leaf are again incised, the terms bi-pinnatifid, etc., are used ; 

or a pinnatipartite leaf may have divisions which are pinnatifid, etc. 
When a unicostate leaf is incised in such a way that there is a 

large rownded terminal division with others which become gradually 





A, Multifoliate palmate compound leaf; B, Palmatisect leaf ; C, Palmatipartite 
leaf; D, Ternate compound leaf. . 


smaller towards the base, the leaf is said to be lyrate (fig. 84, A). A 
runcinate leaf (¢.9. dandelion, fig. 84, B) is a pinnatifid leaf in which 
there is a large pointed terminal lobe, and the apices of the smaller 
lobes behind are directed backwards. In a multicostate leaf, where, 
as already indicated, the branching is of the cymose type, only 
daughter-branches of the first order, as a rule, are given off in a 
cymose fashion, as in fig. 79; but occasionally these may again 
branch cymosely, as in fig. 84, C. This is known as a pedate leaf, 


~ § 13. Compound Leaves. Often a compound leaf is 
mistaken by beginners for a stem bearing leaves. The 
following points of difference should be carefully noticed :— 
(a) @ compound leaf has no apical bud or growing-point ; 
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(b) it has a bud in its axil, and does not arise in the axil 
of a leaf; (c) it may have stipules, or an expanded sheath 
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Vig. 84.—Forms or LEAVEs. 
ae To G the numbers indicate the branching, 


at the base; (d) the apparent leaves (really leaflets) have 
no axillary buds. 


There are certain special terms used in the description of com- 
pound leaves to which we must now refer. In the pinnate leaf the 
leaflets are borne on the common rachis 
or axis of the epipodium. Usually the 


leaflets are arranged in pairs, the leaflets HN f (DSS 
of each pair being opposite cach other. LIN () hase " 
If an unpaired terminal leaflet is present, ( (PID 
the leaf is described as imparipinnate ZIAD a. | RSS? 
(fiz. 76, A); if no terminal leafict is pre- ~ - ARELVAS ” 
sent, so that the number of leaflets is oe Oa YS SQ Ai XS 
even, the leaf is paripinnate (fig. 82, A). CG) IRS 


AY PLES 
If there is only one pair of leaflets, the ‘the IOS Dy 
leaf is wnijugate (fig. 82, F); if two, ,%4Q). Qkes 
bijugate (fig. 76, A),etc. Sometimes pairs ae, KOS 
of large leaflets alternate with pairs of pijjn, ate Pale 
small leaflets. Such a leaf is said to be ES 
interruptedly pinnate, Theleafletsthem- Fig. $5.—Birinnate Lyar, 
selves may be completely incised. Here 
the secondary leaflets formed are called pinnules, and the leaf is 
said to be bipinnate (fig. 85). If these again are completely incised, 
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the leaf is tripinnate, Usually, however, the upper leaflets in a 
bipinnate or tripinnate leaf are incompletcly incised, and either 
pinnatifid or pinnatipartite. 

In a palmate compound leaf the leaflets come off at the same 
point. If there are two leaf- 
lets, the leaf is bifoliate, or 
binate; if three, trifoliate, 
or ternate (fig. 83, D), and so 
on; if a large number, multi- 
Joliate (fig. 83, a). The 
ternate leaf resembles the im- 
paripinnate unijugate leaf. 
Usually leaves with three leaf- 
lets are regarded as ternate, 
except where, as in fig, 82, 
the secondary petioles come 

Fig. 86.—BiTERNATE Lrar. off at different points. Fig. 86 
shows a biternate leaf. 

In the orange there is a peculiar compound leaf, bearing only one 
leaflet. This is recognized as a compound leaf by the fact that the 
expanded lamina is distinctly articulated to the winged petiole 
(fig. 87). 


§ 14. Texture and Duration. Leaves which are thin and mem- 
branous are described as herbaceous. Firm, thick leaves are called 
coriaceous. Some are succulent and fleshy. 
The leaves are caducous if they fall off very 
early; deciduous, if they fall at the end of 
each season; persistent, if they remain on 
the plant for more than one season. Plants 
with persistent foliage-leaves are evergreens. 





§ 15. Prefoliation. This refets to the form 
and arrangement of young leaves in the bud 
condition. Here we have to consider (a) the 
form of the young leaves in the bud, te. the 
way in which they are folded or rolled on 
themselves—this is called the ptyxis of the 
leaf; (6) the relation between the different 
leaves in the bud, i.e. the manner in which 
they are arranged with regard to each other 
—this is called the vernation of the leaf. In 





: Fig. 87.—Comrounp 
flower-buds we speak of prefloration, including LEAT OF ORANGE. 
ptyxis and estivation.* 

(a) Ptyxis of the Leaf (fig. 88). It is plane if there is no folding 
or rolling at all; corduplicate, if the right half is folded over on 
the left; plaited, or plicate, if there are numerous longitudinal 


* The terms vernation and prefoliation, westivation and prefloration, 
are variously used by different writers. 
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folds ; crumpled, if folded in all directions; convolute, if rolled from 
one margin to the other; involute, if rolled from both margins to 
the middle of the upper surface ; revolute, if rollcd similarly to 





RECLINATE PLICATE CIRCINATE CONVOLUTE 





REVOLUTE INVOLUTE 


Fig. 88.—Ptyxis or JmAves. 


The diagrams represent transverse sections of the 
. young leaves, except those of reclinate and 
CONDUPLICATE circinate ptyxis, which are longitudinal, 





the middle of the lower surface; circinate, if rolled up from apex 
to base. 


(b) Verndtion (fig. 89), It is valwate if the young leaves touch 
each other laterally, but do not overlap ; imbricate, if some overlap 


aaa im dite Ne 


( owe) ay we ISTED 


OY 


others, but not regularly ; twisted, or contorted, if one margin of each 
leaf is directed inwards, and is overlapped, while the other margin 
is directed ontwards, and overlaps the margin of the adjacent leaf, 


Fig. 89,--VERNATION OF LEAVES, 
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§ 16. Special Adaptations of Leaf-Structure. There are 
many other striking modifications of leaf-structure. They 
are not to be distinguished, as regards the causes of their 
origin, from such highly specialized forms as the floral 
leaves already mentioned. Like the floral leaves, they 
have arisen simply as adaptations to special conditions. 
They are described separately simply because they are of 
much less general occurrence. 

(a) Leaf-Tendrils. Leaves or parts of leaves frequently 
have the form of tendrils (p. 67). Thus in the pea the 
tendrils represent the leaflets of a compound leaf (fig. 76, B). 
In some species of pea all the leaflets are specialized in this 
way, and the functions of the foliage-leaf are taken on by 
the stipules, which are large and green. The stipules may 
be modified into tendrils, as in smilax. This isan adaptation 
for climbing purposes. 

(6) Leaf-Spines. Similarly leaves or parts of leaves 
may take on the form of spines and serve as protective 
organs. The whole leaf may be thus specialized, as in 
the barberry, where the spine is triradiate. In Robinia 
pseudacacia the stipules are spiny. In the gooseberry the 
spines are developed on the pulvinus (p. 110). 

(c) Phyllodes. In some foliage-leaves where the lamina 
is absent, the petiole develops a wing and takes on the 
appearance and functions of a lamina. Such flattened 
petioles are called phyllodes. They are distinguished from 
true lamin by the fact that they are vertically expanded, 
with right and left surfaces; and also, in some plants, 
by the fact that in some of the leaves a true lamina 
is present above the flattened petiole. They are found in 
some acacias. 


(d) Pitchers, etc. These are curious pitcher-sbaped modifications 
of leaves found in certain orders of Flowering Plants, e.g. Nepenthes, 
the pitcher-plant. They may be regarded as long tubular peltate 
(p. 111) lamin, and function as insect-traps. There is a little water 
in the pitcher, containing a small amount of a ferment secreted by 
the plant. Insects fall into the water, are drowned, and their bodies 
are digested by the ferment. The nitrogenous solutions thus 
produced are gradually absorbed. Thus there is an accessory method 
of nutrition in these plants, 

“There are several other interesting modifications of leaves for 
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insect-catching purposes, Thus in Drosera, the sun-dew, the margin 
of the leaf is fringed by a series of knob-like glandular processes, 
When an insect touches these, they fold up towards the centre of 
the leaf, and the insect which adheres to the glandular secretion 
is made prisoner, Its body is then digested and the products 
absorbed. In Diona, Venus’s fly-trap, the leaf is bilobed and 
the margin fringed with spiny teeth. ‘here are three long huirs in 
the middle of cach lobe. When an insect touches these, the two 
lobes fold up and the teeth interlock. The plants which feed on 
insects in this way are spoken of as “ carnivorous plants.” 

[Note :-—For directions with regard to the description of leaves, 
see Appendiz, | 


B. UsvTernat Srrvucture or tun Lear. 


§ 17. The Petiole. A stout petiole or leaf-stalk, when 
examined by itself, 2.e. without its lamina, is apt to be 
mistaken by the student for a stem. As a rule, however, 
it is readily distinguished. In most cases the petiole is 
not perfectly cylindrical, but more or less flattened, often 
markedly grooved on its upper surface. In Angiosperms 
one or more collateral bundles pass from the stem into the 
leaf (p. 77). They are accompanied by a tissue continuous 
with the pericycle and endodermis. Usually, as they run 
through the petiole, they break up into a number of 
smaller collateral bundles, each of which becomes surrounded 
by pericycle and endodermis. These, as seen in transverse 
section, may be scattered more or less irregularly with 
their xylem portions towards the middle of the upper 
surface, or in a curved band. Occasionally they form a 
ring, asin thestem of the Dicotyledon—their xylem portions 
being towards the middle of the petiole. Even in this case 
it is usually found that the bundles towards the upper 
surface are smaller than those towards the lower surface. 

The pericycle and endodermis, though present, are as a 
rule not very distinctly marked off from the surrounding 
ground-tissue, Sclerenchyma may be developed in the 
pericycle. The rest of the ground-tissue is mostly 
parenchymatous, but bands or ridges of collenchyma or 
sclerenchyma are frequently developed beneath the epi- 
dermis, The epidermis resembles that of the stem. 

In dicotyledonous petioles a rudimentary cambium is 
present between xylem and phloem. It is only in a few 
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exceptional cases that it becomes active and gives rise 
to secondary growth. Only in rare cases is there cork- 
formation (except in connexion with the fall of the leaf, 
see p. 128). 

The vascular tissue entcring the petiole together with its associated 
pericycle is called a meristele because it is only a part of a stele. 
The smaller parts into which it breaks up are called schizosteles. 
The schizostele is simply a collateral bundle with a pericycle. The 
collateral arrangement of vascular tissue distinguishes it from the 
simple steles mentioned on p. 83. 


§ 18. The Lamina—bifacial type. A section (fig. 90) 
through a small portion of the lamina of a bifacial leaf 
(p. 9) at right angles to one of the veins would show a 
well-marked cuticularized epidermis protecting the upper 
and lower surfaces. Between these is the ground-tissue or 
mesophyll of the leaf, with the vascular bundles running 
through it. Towards the upper surface the mesophyll con- 
sists of columnar or elongated cells, without intercellular 
spaces, and arranged at right angles to the epidermis. 
This is the palisade parenchyma. Towards the lower sur- 
face the mesophyll consists of smaller rounded or stellate 
cells loosely packed together so that there are numerous 
intercellular spaces communicating with stomata in the 
lower epidermis. This is the spongy parenchyma. The 
cells of both palisade and spongy mesophyll contain 
numerous chloroplasts. Between the two run the vascular 
bundles. In the diagram one of the veins has been cut 
transversely. It consists of xylem towards the upper sur- 
face, phloem towards the lower. Some of the smaller 
bundles may be cut obliquely or longitudinally. Hndodermis 
and pericycle are present round the larger bundles (schizo- 
steles), but are not recognizable as distinct layers except 
when, as frequently happens, the pericycle is lignified and 
the endodermal cells contain starch (starch-layer). In 
the mesophyll, bands of sclerenchyma may here and there 
bedeveloped. These usually run from the vascular bundles 
to the epidermis on each side. Cells containing crystals 
or cavities containing oil are frequently found. A very 
definite single hypodermal layer is present in some leayes 
(e.g. holly—upper surface). : 
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§ 19. Isobilateral and Centric leaves. In isobilateral 


leaves (p. 9) there is a layer of palisade parenchyma 
towards both surfaces. The xylem parts of the bundles, 


HYPODERMIS XYLEM PALISADE MESOPHYLL 
\ 


SOHO 
Se TT EINER SE 





JOO? POO DIO MISSI GSCI Cer OE 
t 
SCLERENCHYMA EPIDERMIS MESOPHYLL 


Fiz. 00.—Secrion or THe Lamina or A Lear at Richt ANGLES 
14O A SMALL VEIN. 
A bypoder:uis is only developed in some cases, 


however, are all directed towards one surface. In centric 
leaves (p. 9) the arrangement of the mesophyll-tissue is 
the same at all parts. 


§ 20. Development of the Leaf (figs. 54, 55). The leaf 
originates as a small Jateral protuberance at the meriste- 
matic apex of the stem. ‘his protuberance consists of 
dermatogen and periblem only. The development is 
superficial, and therefore exogenous (p. 93). At first all 
the cells are meristematic, but later the meristematic 
tissue is restricted to the middle or base of the developing 
leaf, and growth is therefore intercalary. Finally, when 
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the full number of cells has been produced, the meristem 
dies out. At this stage the young leaf is still very small 
and folded up in the bud with the other leaves. The 
expansion and increase in size of the leaf, when the bud 
unfolds, is due simply to the growth of the individutl cells, 
not to the formation of new cells. During the earlier 
development procambial strands make their appearance 
(developed here in periblem-tissue), which sooner or later 
become connected with the procambial strands of the stem. 
These differentiate into the vascular bundles, 


§ 21. Leaf-Apex—Endings of the Veins. It will be 
evident from the foregoing paragraph that the fully formed 
leaf has no apical growing-point such as the stem has, and 
further, therefore, that the terminations of the vascular 
bundles or veins must be different. Frequently the veinlets 
have no definite endings, but form anastomoses or fusions 
with neighbouring veinlets. Sometimes they end blindly in 
the mesophyll. Where the ending is definite, the vascular 
tissue is gradually lost. The larger xylem vessels and 
phloem elements disappear. The remaining small xylem 
elements are of the nature of tracheides. In a few cases 
these pass gradually into a mass of small-celled glandular 
tissue (epithem-tissue), with which are usually associated a 
number of water-pores (p. 52), 


§ 22. Fall of Leaves, There are certain important pro- 
cesses connected with leaf-fall (phylloptosis), A layer of 
cork is formed across the base of the petiole. It is formed 
by the meristematic activity of the living cells (phellogen) 
lying immediately internal to it. This meristematic pro- 
perty is taken on, not only by cells of the ground-tissue of 
the petiole, but also by cells in the vascular bundles, so that 
the cork-layer is formed right across the petiole, and joins 
on to the cork-layer (in the case of woody dicotyledons) 
formed in the stem. ‘The fall of the leaf is directly due to 
the disorganization of the layer of cells (absciss-layer) lying 
just outside the cork-layer. Thus the surface exposed when 
the leaf falls is protected by the cork-layer. ‘The cork-layer 
constricts the wood-vessels in the vascular bundles, so that 
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when these are broken across there is no exudation of sap. 
Preparation for this cork-formation begins even at the time 
when the leaf is unfolding from the bud condition; it is not 
completed, however, till just before the leaf falls. Leaf-fall 
seems to be traceable ultimately to interruption or injurious 
modification of the process of transpiration, brought about 
by excessive changes in temperature. Thus leaves fall 
naturally in this country towards the approach of winter ; 
but a long period of very hot, dry weather may bring about 
the same result. That it is a natural process, due to vital 
activity, is shown by the fact that tho leaves of a dead 
branch do not fall. ‘There is a similar formation of cork at 
the base of prickles. 


§ 23. We may conveniently close the chapter with a 
general definition of a leaf. A leaf may be defined as any 
natural exogenously developed outgrowth of a stem, differing 
from the stem itself in structure, occupying a definite 
position in development, and variously modified in different 
regions according to the functions it has to perform. A leaf-. 
structure, however it may have been specialized, is distin- 
guished from a stem or root by its mode of origin, 


Ket. 


CHAPTER VII. 
NUTRITION AND GROWTH. 


§ 1. In Chapter I. (§ 11), we indicated, in a very general 
way, the physiological processes connected with Nutrition and 
Growth, and, here and there, we have made scattered refer- 
ences to the functions of various tissues and organs. We 
have now to give special consideration to these processes 
as they are exhibited in the higher plants. Although con- 
sidered with special reference to the Angiosperm, they are 
essentially the same in all green plants showing differenti- 
ation into root, stem, and leaf. Before reading this chapter, 
the student should again refer to pp. 11-14. 


§ 2. Importance of Water. That protoplasm is the 
essential living snes which all these physiological 
processes are carried on, has already been sufficiently ipn- 
pressed on the student. We must again allude, however, 
to the important part played by water. Water forms the 
great bulk of a plant, in a few cases, as much as ninety per 
cent. of the total substance. All the organic substance is 
permeated with water. Water is one of the important 
forms in which essential chemical elements (Hydrogen and 
Oxygen) enter the plant. Besides this, it is the medium 
for the solution, absorption, and transit of all other food 
materials ; the medium by which these are brought into 
intimate relation with the living substance. 


§ 3. The Food-Materials of a Green Plant. If we make 

a chemical analysis of a plant—an analysis of the gases 

given off, and the residue or ash left behind on burning the 
130 


NUTRITION AND GROWTA. boul 


plaut--we recognize the following chemical elements :— 
carbon, oxygen, hydrogen, nitrogen, sulphur, phosphorus, 
‘alciuin, potassium, magnesium, iron, sodium, silicon, and 
chlorine, with, frequently, traces of manganese, iodine, ete. 
Of these, only the first six enter into the actual composition 
of the living substance of the plant. It is evident that 
all these elements found in the plant must pass in in the 
food-materials absorbed, 7.e. the food-materials consist of, 
or contain, these elements. We have already indicated 
(p. 12) that the food-materials absorbed by a green plant 
are of the nature of simple inorganic compounds, and that 
they are taken in in solution. 

All the carbon used by the plant in the processes of assimi- 
lation is derived from the CO, of the atmosphere. This 
CO, is absorbed by the aerial green parts of the plant 
(chiefly leaves) in the presence of light. All the other 
elements are derived from the water and dissolved mineral 
substances (‘‘ salts”) absorbed by the root in the process of 
root-absorption. Dissolved CO,, or carbon taken in by 
the root in the forin of carbonates, is uot made use of in 
the anabolic processes. ‘The necessary oxygcu * and hydro- 
gen are derived chiefly from water, partly from salts 
containing these elements. Nitrogen is absorbed in the 
fovin of nitrates (for exceptions, see p. 151), sulphur in 
sulphates, phosphorus in’ phosphates, chlorine in chlorides, 
silicon in silicates ; iron, potassium, calcium, and magnesium, 
form the metallic bases of these salts. If substances ab- 
sorbed are made use of in metabolism, the absorption 
continues, The amount absorbed depends on the amount 
assimilated. It has been determined by experiment that, 
for most green plants, the essential eements, 2.e. the elements 
absolutely necessary for healthy growth, are carbon, oxygen, 
hydrogen, nitrogen, sulphur, phosphorus, calcium, potassium, 
magnesium, and iron. The others are non-essential ; or, at 
all events, only essential for certain plants. 


That carbon is essential is shown by the fact that a green plant 
cannot be grown in an atmosphere deprived of CU, That the others 


* Oxygen of respiration is taken in over the whole surface of the 
plant—sce p. 144. 
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are essential has been determined by the method of water culture. 
A number of plants of the same species are grown in glass jars, theit 
roots immersed in a nutrient solution of inorganic salts. It is found, 
with most plants, that there is healthy growth only if the solution 
contains these elements in proper form and degree of concentration. 
Various unhealthy symptoms appear if one or more of them are 
absent. ‘hus, if iron is left out there is no development of chloro- 
phyll. A satisfactory nutrient solution could be made, for example, 
by using the following substances ; calcium nitrate, potassium nitrate. 
magnesium sulphate, potassium phosphate, ferrous chloride (or ferric 
phosphate). ‘The solution must be very dilute. ‘ 


§ 4, Root-Absorption. The soil may be regarded, in a 
general way, as an aggregation of organic and inorganic 
particles. Each particle is surrounded by a delicate film of 
water. ‘his water, which is called the hygroscopic water, 
is firmly adherent to the particles, just as water adheres to 
or wets the surface of a glass. It is present even in the 
driest soil. Between the particles are spaces or interstices 
into which, normally, the atmospheric air penetrates; but 
in very damp soils these are filled with water—the free 
water of the soil. This free water is injurious to plants 
(except those specially adapted, e.g. bog or water-plants), 
probably because it interferes with the proper respiration of 
the root. It is the object of drainage to remove it. 

A portion of the inorganic substance of the soil is 
dissolved in the hygroscopie water, and it is this water, with 
its dissolved salts, which is absorbed by the roots. Normally 
the organic substance is not absorbed, but owing to de- 
composition effected in it by micro-organisms and leading 
to the formation of simpler compounds, it serves to replenish 
the store of inorganic substance, and more especially 
nitrates, necessary to the plant. 

The inorganic solutions are absorbed by a process of 
osmosis. This may be regarded as a simple physical process, 
modified in the case of root-absorption by the vital activity 
of the protoplasm. It may be defined as diffusion through 
a permeable but non-porous membrane. Thus, it we place in a 
vessel of water a bladder filled with a strong solution of a 
substance having an attraction for water (an osiotically 
active substance, ¢.g. sugar), a darge amount of the water 
will diffuse (pass by osmosis) into the bladder (endosmosis), 
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while a small amount of the solution will diffuse out 
(exosmosis), The weaker fluid diffuses faster and this con- 
tinues until the same concentration is acquired, when it is 
equally rapid in both directions, and hence apparently 
ceases. It should be noticed, also, that, in the above 
example, a considerable pressure will be set up inside the 
bladder, owing to rapid endosmosis. This hasan important 
application is connection with root absorption. 

The root-hairs are the absorbing organs. The particles 
of the soil closely adhere to them. There is little or no 
absorption by the surface of the root itself. The wall of 
the root-hair, together with the primordial utricle, is the 
osmotic membrane ; outside this is the hygroscopic water, 
with various salts in very weak solution ; inside is the cell- 
sap, a comparatively strong solution, containing many 
organic compounds with a strong affinity for water 
(probably the most important of these in this connection 
are the organic acids). The primordial utricle exercises an 
important influence on the process ; it prevents the entrance 
of certain substances which could readily diffuse through 
the wall of the hair alone; only very weak solutions can 
pass through the primordial utricle; similarly, also, it 
retains the water in the vacuole even at a high pressure, 
thus bringing about a very tense or turgid condition of the 
cell (cf. the distension of the bladder). 

Thus in root-absorption a very large amount of hygro- 
scopic water with dissolved salts passes into the root-hair, 
while only a minute quantity of cell sap diffuses out—a 
quantity just sufficient to moisten the tips of the root-hairs, 
Endosmosis is greatly in excess of exosmosis. 


§ 5. Salts insoluble in pure water and required by the 
plant are brought into solution in various ways, ‘There is 
always CO, present in the soil. Certain salts insoluble in 
pure water are soluble in water containing CO. Again, the 
acid sap, which moistens the tips of the root-hairs, helps in 
the solution of such salts. It probably brings about de- 
composition of the insoluble salts, and leads to the formation 
of soluble salts. The various chemical processes always 
going on in the soil no doubt also induce decompositions 
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which bring into soluble form various substances required 


by plants, 
§ 6. Course of Absorbed Solutions. The absorbed 


solutions pass by osmosis from the root-hairs into the cells of 
the cortical tissue of the root. Owing to the excess of 
endosmosis, seconded by the influence of the primordial 
utricles, a considerable pressure is set up in the cortical 
tissue—the cortical cells become extremely turgid. The 
solutions to a certain extent diffuse by osmosis through 
the parenchymatous tissue of the plant, but the greater 
proportion passes into the xylem tissue of the root, and 
is given off to the parenchyma at a higher level. The 
passage into the xylem tissue is not effected by a process 
of osmosis, for at first the xylem elements (vessels) are 
empty, so that an essential condition of osmosis is wanting. 
It is brought about simply by the hydrostatic pressure set 
up as explained in the surrounding cortical tissue. It is 
probable that, when the limit of turgidity is reached (ie. 
when the pressure exceeds a certain point), a molecular 
change takes place in the protoplasm (primordial utricle), 
and the watery solutions are expelled, owing to the collapse 
of the cell, with considerable force. In this way the solutions, 
following the course of least resistance, are forced into the 
wood vessels. They pass up through the xylem of root and 
stem, and out into the xylem of the leaf-veins. There 
they finally diffuse into the mesophyll tissue of the leaf, 
where elaboration chiefly takes place. Formerly it was 
thought that the solutions passed upwards through the 
walls only of the wood elements; it is now known that 
they also pass through the cavities; and at certain periods, 
the vessels contain abundance of water. ‘The student 
must not imagine, however, that there is a continuous 
current of water in the wood-vessels. The water probably 
forms short columns, separated by bubbles of gas or 
air. The current of water with dissolved salts passing 
upwards from root to leaves is called the transpiration 
current. lt conveys food-materials to the leaves for 
elaboration, and makes good the loss of water due to 
transpiration. 


NUTRITION AND GROWTH. 135 


§ 7. Root-Pressure. We have explained that, owing to 
the great excess of endosmosis a considerable pressure is 
set up in the cells of the cortical parenchyma of the root ; 
that this is increased by the action of the primordial utricle . 
and that when the cells collapse the water is forced into 
the wood elements. After collapse the cells recover their 
condition of turgidity and again collapse. In this way we 
can imagine that a rhythmical pumping of water into the 
wood elements is going on. Now, this pressure existing in 
the root, and which we may regard as a force driving 
the water into the wood x 
elements, and upwards, is 
called root-pressure. 


That this pressure does cxist 
in the root, and does tend to 
drive the water upwards, can 
be shown by a simple experi- 
ment. If the stem of a very 
young tree (¢.g. the vine) be 
cut in the active growing period. 
(in the spring) about a foot 
from the ground, there is an 
abundant exudation of watery 
sap from the vesscls at the cut 
surface. This phenomenon is 
called “ bleeding,” and its mani- 
festation continues for a con- 
siderable time. If a long 
piece of glass tubing be 
firmly attached to the cut end 
of the stem, the water will be 
found to rise to a consider- 
able height. By using suit- 
able apparatus the force can 





red. Thus i 91,8 
eS Essasu rere shire eee) Fig, 21,—APPARATUS FOR MEASURING 
is an S-shaped tube closely = Root-PRESSURE. 
attached to the cut stem. It. (See text.) 


ig filled with mercury to the 

level ss. Root-pressure forces 

water into s, and displaces the mercury to the levels 77. The 
force of thé root-pressure is measured by the displacement. 
Root-pressure varies at different periods of the growing season, 
and also at different times of the day. It is most active in 
spring, and is affected by various external conditions, such as tem- 


perature, ctc. 
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§ 8, Transpiration. A large amount of the water ab- 
sorbed by the roots, and carried to the aerial parts by the 
transpiration-current, is given off from the aerial surface 
in the form of water-vapour. This process is known as 
transpiration. The water vapour collects in the inter- 
cellular spaces of the parenchymatous ground tissue, and 
passes off through the stomata. Very little is given off 
from the general epidermal surface, as it is rendered almost 
impermeable by the development of a cuticle. The process, 
however, is not simply one of evaporation. It is regulated 
ly the vital activity of the plant. That this is so is evi- 
dent from the fact that usually more water is evaporated 
from the surface of a dead leaf than from that of a 
living leaf. We must remember, also that the stomata 
can regulate the amount of transpiration (see p. 51). 


‘'ranspiration varies according to external conditions. It is more 
active when the air is dry and hot than when it is moist and cold. 
‘This is not merely due to the fact that a hot dry atmosphere is favour- 
able to evaporation, but also because it increases root-absorption. 
‘Transpiration is greater in bright sunlight, because the latter in- 
creases assimilation, and promotes osmotic activity. There is a rush 
vf water to the assimilating cells. ° With this is correlated the opening 
of the stomata, The guard-cells always contain chloroplasts, and we 
now have an explanation of this. The guard-cells become turgid 
when there is increased assimilation, owing to osmotic activity. 
When the guard-cells become turgid, the stoma opens; when they 
collapse, it closes. The reason of this is found in the peculiar 
arrangement of thickening on the walls of the guard-cells (p. 51). The 
thickining is such, that the cells can expand only in a particular 
ilirection. When turgid, they bulge away from each other, becoming 
more convex on the side away from the pore, concave towards the 
pore. 


Experiment, The fact of transpiration is readily demonstrated thus : 
—Take a small plant growing in a pot. Cover the upper part of the 
pot and the soil with an indiarubher membrane, tied firmly round 
the base of the stem. This prevents evaporation from the sci. 
Invert a glass jar over the upper part of the plant (stem and leaves). 
Owing to transpiration, moisture will collect on the sides of the jar, 
and run down in the form of drops. The amount of transpiration 
can be determined by placing a weighed quantity of calcium chloride 
Inside the vessel. ‘This absorbs the water, and increases in weight. 
The difference in weight represents the amount of water transpired. 
(Here, however, as the chloride removes all the water from the air, 
the conditions are not quite the same as if the plant were grown in 
the open air). 
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§ 9. Causes ofthe Ascent of Water. ‘I'he elucidation of the cause of 
the ascent of water in tall trecs in opposition to the action of gravity 
has been, and still is, one of the problems of botanical physiology. 
{t cannot even yct be said that they have been definitely or fully 
determined, The first theories were vitalistic, vaguely ascribing the 
ascent to the vital activity of the living protoplasmic substance. 
These, by themselves, were little more than a confession of ignorance. 
Various physical canses have since then come under discussion, such 
as Troot-pressure, transpiration, capillarity in the wood-vessels, the 
varying pressure in the gases contained in the wood elements, and so 
on. At the present time, the gencral tendency seems to be to regard 
root-pressure and transpiration as the chief factors in the ascent, the 
others having little or no influcnce on the process. A sufficient 
explanation has been given of the part played by root-pressure. 
Transpiration causes a great diminution of pressure in the upper 
parts of trees, and the pressure is equalized by the upward passage 
of water from the lower parts. Thus transpiration might be loosely 
regarded as a force sucking up the water from below. On physical 
grounds, however, these forces, by themselves, are inadequate to 
account for the ascent of water in high trees, and, with regard to 
root-pressure, it has been proved that poisonous solutions, ze. 
solutions which would kill the living protoplasm, can be absorbed 
and ascend through the xylem, although, as has been explained, the 
vital activity of the protoplasm probably plays an important part in 
connection with root-pressure. 


§ 10. Carbon-Assimilation (Photosynthesis). Carbon- 
dioxide is absorbed by the plant over its green aerial 
surface—-chiefly the leaves—in the presence of light. It 
probably passes into the intercellular spaces by means of the 
stomata. It was formerly thought that gases (in solution) 
could pass through the cuticle. Recent experiments, how- 
ever, have discredited this cuticular absorption theory. The 
CO, diffuses from the intercellular spaces into the parenchy- 
matous cells —the mesophyll cells in the case of leaves. It 
should be carefully noticed that it passes through the walls, 
not as a gas, but in solution. Itis dissolved in the cell-sap 
which permeates the walls of the cells. In the interior of 
these cells chemical processes, leading to the elaboration of 
organic compounds, take place. This elaboration goes on 
chiefly in the mesophyll cells of foliage leaves, although also 
to some extent in green herbaceous stems. Under the influ- 
ence of chlorophyll and light the water (H,O) absorbed by the 
root and the carbon dioxide (CO,) are built up into carbo: 
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hydrates. The first carbohydrate formed is probably 
formic aldehyde (CH,0), and oxygen (Oz) is given off 
in the process, This may be represented according to the 
equation :— 

CO, + H,O = CHO + Ox. 


But it is possible that there is an intermediate step in the 
process, thus :— 


CO, + H,O = (CO + O) + (H, + 9) 
—~ CH,0 + 0,. 


According to the former view all the oxygen given off is 
derived from the CO,; according to the latter, one half 
only from the COs, the other half from the water. From 
this formic aldehyde, which is a simple soluble carbohydrate, 
more complex soluble carbohydrates of the nature of sugars 
may be formed by a process of compounding (polymeriza- 
tion), Thus we may imagine the formation of grape-sugar 
(CgHy20¢) s-— 

6CH,0 = C,H 20.. 


Some recent chemical experiments, however, secm to 
show that, in many plants, cane-sugar (Cj2H»920j;) is the 
first sugar formed. 

Thus, in carbon-assimilation, CO, is taken into the plant 
and, along with water, wndergoes a chemical change; 
oxygen is given off, and the carbon made use of in the 
elaboration of organic substances, the first of which are 
carbohydrates, 

The surplus amount of sugar formed in the leaves is 
stored up as starch in the chloroplasts (p. 34). The rest is 
transferred from the seat of formation to other parts of the 
plant and made use of in ways to be described presently. 

Formerly it was thought that the starch appearing in 
the chloroplasts was directly built up from CO; and water, 
i.e, that the carbohydrate starch was the first carbohydrate 
formed in the process. We may still regard starch as the 
first visible product giving evidence of carbon-assimilation: 
but we can no longer regard it as being formed directly. - It 
is simply a temporary storage of surplus carbohydrate. 
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§ 11. Conditions of Carbon-Assimilation. It is evident 
there must be a supply of water and CO,.. Heat, also, is 
necessary ; this is a general condition of plant-metabolism. 
Metabolism and growth can take place only within certain 
limits of temperature. Heat is a source of energy and 
a necessary condition for the initiation and continuation of 
all vital processes in plants. ‘The more special factors 
in carbon-assimilation are light and the presence of 
chlorophyll. We have now to consider more fully the part 
played by these. 

§ 12. Light. In our laboratories we can effect tho 
decomposition of CO, and of water only by the expenditure 
of a large amount of energy—heat energy in the former 
case, electrical energy in the latter. The building up of 
complex substances containing a very small proportion of 
oxygen, also means expenditure of energy. ‘lhe green plant 
carries on both these processes at ordinary temperatures. 
Light being an essential factor, we come to the conclusion 
that it is,so because it is the chief source of energy. The 
energy used is stored up in potential form in these 
com pounds. 

When a beam of sunlight is passed through a prism 
it is spread out into a band, called the spectrum (which 
can be received on a screen), consisting of many different 
colours, passing gradually from one to the other. This 
is because sunlight consists of many different kinds of rays 
differing in refrangibility, z.e. as regards the angle through 
which they are bent on passing through a prism. At one 
end of the spectrum are ved rays, which gradually pass 
through orange and yellow, to blue and violet rays at the 
other end. Now all these rays are not equally active in 
the process of carbon-assimilation. Jt has been determined, 
by direct experiment, that chiefly red rays, and, to some 
extent, also the blue and violet rays, are concerned in 
the process.* 


§ 13. Chlorophyll. This is the green colouring matter 
of plants. It is a very complex substance, consisting of 
carbon, oxygen, hydrogen, nitrogen and, according to 


* Plants may be grown under artificial light, ¢.g. the electric light, 
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some, also phosphorus. Its exact composition has not yet 
been definitely ascertained, It contains no iron. It is 
sometimes stated that chlorophyll is not a simple pigment, 
but a mixture of two pigments—xanthophyll, a yellow 
colouring matter, and cyanophyll (phyllocyanin), a bluish- 
green colouring matter. There is no doubt now, however, 
that these are decomposition products of chlorophyll. 
Chlorophyll is very easily decomposed under the influence of 
bright light if oxygen is present, and these decomposition 
pigments are always present in chlorophyll as extracted 
from plants. 

Two conditions, in addition to a suitable temperature, 
are necessary for the formation or development of chloro- 
phyll :—(qa) the presence of light,* (b) a supply of iron in 
the food. Jf a plant is grown in darkness, it assumes a 
pale yellowish sickly appearance. This is due to the fact 
that a yellow colouring matter—etiolin—is developed in the 
corpuscles instead of chlorophyll. Such a plant is said to 
be etiolated. Of course, a plant grown in darkness must 
have some reserve store of food material to draw upon, as, 
é.g., & potato-tuber developing in darkness. Many examples 
ef etiolated plants will readily occur to the mind of the. 
student, e.g. celery, grass covered by a roller or a board. 
Typical etiolated plants present many other peculiarities. 
Thus the internodes become very much elongated or 
‘drawn out.” For this reason the plants are called 
“drawn plants.” This has an important biological 
significance, In this way there is a chance of shoots 
reaching the light, as, e.g., in seedlings smothered by other 
plants. In etiolated plants, also, the leaves remain small 
and scaly, there is an enormous development of soft 
succulent parenchyma and a meagre formation of lignified 
tissue. Large leaves would be useless in darkness; we 
might say, therefore, that the plant devotes all its energy 
to the formation of long internodes which may be of use 
to it. 

A yellowish, sickly condition is also established if there 
is no iron in the food, the plastids being colourless or 


* In exceptional cases chlorophyll is developed in darkness 
(cotyledons of ferns and of a few seeds). 
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containing etivlin. ‘This condition, due to the want of iron, 
is called the chlorotic condition. It ix to be carefully 
distinguished from the etiolated condition due to the 
absence of light. As soon as the plant is supplied with a 
weak solution of an iron salt, even if it is only applied to 
the leaves, chlorophyll is developed, Thus iron is necessary 
to the formation of chlorophyll, although it does not enter 
into its composition. 

Chlorophyll can be extracted by means of alcohol, chloro- 
form, etc. <A solution of chlorophyll is fluorescent—it is 
green by transmitted light, red by reflected light. When 
a solution of chlorophyll is placed in the path of a beam of 
light, which is then passed through a prism, the spectrum 
is modified. Certain dark bands (absorption-bands) appear 
in the spectrum, more especially in the red and blue 
regions, ‘This is because these particular rays have been 
absorbed by the chlorophyll. This leads us to the function 
discharged by chlorophyll. We have scen that the red 
and blue rays are especially active in carbon-assimilation. 
We therefore conclude that chlorophyll is a colouring 
matter which, by absorbing certaiu rays of light, supplies 
the living protoplasm with the energy necessary for 
carrying on the chemical processes connected with carbon- 
assimilation. 

§ 14. Experiments:—(1) Grow a plant with its upper parts 
(stem and leaves) in a completely closed glass vessel, exposed to 
light, After a time, if the air in the vessel be examined it will 
contain relatively more O, and less CO,. This is not the case if the 
experiment is made in darkness. 

(2) Place a portion of a small water plant—e.g. the American 
water-weed—in a glass tube in water, expused to bright light. 
Bubbles of gas are given off; if this gas be collected it will be 
found to be O, The gas is not given off in darkness. Nor is it 
evolved if the water was previously boiled, because the boiled water 
would contain no CO,,. 


§ 15. Formation of Nitrogenous Substance. ‘Ihe elab- 
oration of nitrogenous substance is not so clearly compre- 
hended as that of carbohydrates. It has not been 
ascertained if light is or is not necessary to the process, 
The necessary supply of energy may be liberated during the 
katabolic changes presently to Le described. According to 
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some, from the water and nitrates absorbed by the root, 
ammonia (NH3) is first formed, and this, combining with 
soluble carbohydrate, gives rise to a series of complex 
soluble nitrogenous substances called amides, eg. N(CH3)3. 
However the elaboration be effected, there seems to be no 
doubt that these amides are, sooner or later, produced as 
the result of synthetic processes. 


§ 16, Transference and Destiny of the Elaborated 
Compounds. Thus we have explained, as far as possible, 
the building-up of soluble carbohydrates (sugars) and 
soluble nitrogenous compounds (amides) in the assimilating 
cells—chiefly the mesophyll cells of leaves. With the 
exception of what is made use of in the assimilating cells, 
the: sugars and amides are transferred to the various parts 
of the plant. Ad living cells contain these soluble car- 
bohydrates and nitrogenous compounds conveyed to them 
in the cell-sap. The living protoplasm makes use of these 
as food substance.. Together with sulphur they are built 
up first of all into more complex (protezd) substances, and, 
finally, into protoplasm. ‘This final elaboration is most 
active where rapid growth is taking place, ¢@.e. at growing 
points. Many of these soluble compounds, however, are 
made use of in the formation of insoluble storage com- 
pounds. The formation of starch in the chloroplasts, to 
which we have already referred, is only one example of this. 
Storage products may be formed in any living cell, but the 
formation is specially abundant in particular tissues or 
organs, eg. medullary rays of trees, seeds, bulbs, corms, 
rhizomes, etc. The formation and uses of these products 
will be explained later. 

In the process of transference from the assimilating cells, 
the sugars and amides may, to a certain extent, pass from 
cell to cell by simple diffusion. But a more rapid trans- 
ference is effected through the phloem-tissue. In this way 
they are quickly conveyed to regions where rapid growth is 
going on, or where a storage of food-material is taking 
place. Formerly it was thought this rapid transference 
was effected through the sieve-tubes only. It is now certain 
that the phloem-parenchyma (and the neighbouring 
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parenchyma of the ground-tissue) is chiefly concerned in 
the transference of the carbohydrate material. This also 
may apply to the nitrogenous substance. According to 
some, there is a formation of proteid or albuminous sub- 
stance in the phloem-tissue, and they regard the sieve- 
tubes as being temporary store-places of these products. 
We have seen that the sieve-tubes do contain such 
substance, 

One of the chief forms in which sulphur enters the plant 
is calcium sulphate. The sulphur is liberated, and thus 
enabled to combine with the organic food substance, by the 
action of an organic acid. This acid appears in many 
cases to be oxalic acid. The calcium of the sulphate com- 
bines with the oxalic acid to form calcium oxalate. This is 
probably one source of the calcium oxalate so abundantly 
present in the tissues of plants. 


§ 17. Use of the Metallic Elements, etc.—So far, in 
connexion with these processes of claboration, we have had 
no occasion to mention the metallic elements of the food 
material, with the exception of iron. Potassium, calcium, 
magnesium, and iron, do not enter into the composition 
of the living substance or of the cell-wall, yet they 
are essential elements (p. 131). Now we have seen that 
iron, although it does not enter into the composition of 
chlorophyll, is necessary for its formation, This gives 
us a hint as to the use of the other elements. It would 
seem that potassium in the same way is a necessary 
condition for the formation of carbohydrates, and that 
caltinm and magnesium are necessary for the proper 
distribution of carbobydrates. In this connection also it 
may be mentioned that phosphorus is necessary in the 
same way to the formation of proteid substance, while 
it seems to be always present as a constituent of nuclear 


substance. 


§ 18. Katabolic Processes. We have hitherto been 
dealing with the anabolic processes of metabolism (p. 13), 
the processes by which simple compounds are belt up 
into complex organic compounds, The final result 
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of synthesis is the elaboration of living protoplasmic 
substance. We have now to consider the katabolic 
processes (p. 13) in which the complex and unstable 
substance protoplasm undergoes decomposition and breaks 
down into simpler and more stable compounds. These 
processes are intimately associated with growth, and 
are as essential as the anabolic processes, AJl growth 
takes place from and in the living substance protoplasm. 
While the anabolic processes are concerned with the 
nourishment and building up of living protoplasm, the 
katabolic processes lead to the formation of various 
substances which are absolutely necessary either for 
carrying on the anabolic processes or for building up the 
tissues, and at the same time set free energy which is 
expended largely in connection with growth. As explained 
on p. 13 the decomposition of the protoplasmic substance 
is a slow precess of oxidation, and the substances produced 
are either plastic substances, secretions, or excretions. 
Oxygen passes into the plant in respiration and is absorbed 
by the protoplasm. As a result the protoplasm undergoes 
decomposition. ‘These katabolic changes are stimulated or 
influenced in various ways by the action of external 
agencies, such as temperature, light, gravity, etc. The 
general influence of environment will be discussed in the 
next chapter. o 


§ 19. Respiration. In this process, oxygen passes in over 
the whole surface of the plant. There are no special re- 
spiratory organs in plants, but the absorption of oxygen is 
most rapid in the regions or organs where the katabolic 
processes are most active, eg. leaves, growing points, 
germinating seeds. Carbon-dioxide is given off as an in- 
variable excreted product arising from the decomposition of 
protoplasmic substance. In aerial parts protected by a 
firm cuticle or a layer of cork, the oxygen enters by means 
of stomata or lenticels. It passes through the cell-walls 
into the interior of the cells in solution. The process of 
respiration is masked during the day, owing to the activity 
of carbon-assimilation. 

The student must carefully distinguish between respiration 
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and varbon-assimilation. ‘The follewing table indicates the 
chief points of distinction :— 


Respiration. Carbon-Assimilation. 
(4) A breathing process associ- (a) A feeding process associ- 
ated with katabolism. ated with anabolism. 
(6) Jakes place over whole (o) Only in green aerial parts. 
surface. (c) CO, passes in, O, given 


(ec) O, passes in, CO, given off. off, 

(a) Independent of light and (@) Dependent on ight and 
cblorophyll. chlorophyll, 

(e) Plant loses weight. (¢) Plant gains in weight, 


Experiments :—Respiration can be readily demonstrated by ger- 
minating seeds in a closed chamber. There being no chlorophyll, 
there is no carbon-assimilation. It will be found that the CO, 
increases in amount, while the O, decreases. I[f air, robbed of its 
CO, (by passing it through a solution of caustic potash), be drawn 
into the chamber, the exhaled CO, may be absorbed by means of 
caustic potash, and thus measured, As the CO, exhaled is as a rule 
nearly equal in volume to the oxygen absorbed, this would give a 
measurement of respiration, A similar experiment could be made 
on green plants in darkness, and also on small green twigs in the 
presence of light, but, in the latter case, the result would not be 
strictly accurate, as part of the CO, exhaled would be immediately 
made use of in carbon-assimilation. 


§ 20. Plastic Substances. Some of these we have seen 
are formed anabolically, e.g. sugars, amides, proteids. The 
most important formed katabolically are cellulose, starch, 
oil, and very probably proteid grains (aleurone grains). 
Cellulose is formed in all cells where the cell-wall is under- 
going extension or thickening. he others are storage 
food-substances—as also is cellulose, e.g, in many seeds, 

We must now say something more with regard to the 
formation of starch. It is believed by many that it is 
formed by a direct conversion of sugar effected by plastids. 
The equation would be :— 


C.11,,0, — H,0 = CH 00s. 


The view which is adopted here, and which seems to be 

steadily gaining ground, is that starch is not formed directly 

from sugar, but indirectly and katabolically. The process 

is carried on by leucoplasts, or chloroplasts. The 

plastids, from the soluble carbohydrates (and amides, etc.) 
Bot. 10 
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presented to them, build up their protoplasmic substance. 
The starch formed by the plastid is produced katabolically 
by the decomposition of the living substance of the plastid. 
In the chloroplasts the storage of starch 1s temporary. 
The starch which is formed there during the day disappears 
at night. In tubers, seeds, etc., the storage in connection 
with leucoplasts is more enduring. 

While starch and cellulose, along with inulin and cane 
sugar in some cases (the formation of these also may be 
katabolic), are the chief forms in which carbohydrate is 
stored up, aleurone grains (and proteid crystalloids) re- 
present the chief storage of nitrogenous substance. Oil 
belongs to the group of the hydrocarbons, substances con- . 
taining no nitrogen and much less oxygen than the 
carbohydrates. 


§ 21. Secretions and Excretions. The most important secretions 
are colouring matters (chlorophyll, the colouring matters of flowers, 
etc.), organic acids, ferments (see p. 31). Thestudent should care- 
fully notice the uses of these, as reference is made to them throughout 
the book. The chief excreted substances formed katabolically are 
CO,, resins and gums, alkaloids, etc. (p. 31). Itshould be noticed 
that, in plants, there are no special excretory organs. Still, many of 
these excreted substances are got rid of, e.g. in falling leaves, the 
scaling of bark, etc. We find that the leaves of deciduous trees 
become filled with such substances towards the approach of winter. 
So also the bark. Falling to the ground, these substances are decom- 
posed and brought into forms in which they may again be absorbed 
by plants. There is no cleat line of distinction between secreted 
and excreted substances. Thus, certain substances (é.g. ethereal oils) 
although they are placed amongst the excreted substances, are no 
doubt of some indirect use, while the significance of the formation 
of others at present regarded as excreta is unknown. 


§ 22. Storage-Material—Ferments. The various storage 
forms of food-material are, sooner or later, made use of. 
First of all, however, they must be brought into a soluble 
diffusible form. This is effected by the action of certain 
soluble nitrogenous bodies of the nature of unorganized 
ferments or enzymes, which, as we have seen, are formed 
katabolically from the protoplasm. These ferments are 
substances which have the power of inducing important 
chemical changes without themselves being changed. These 
changes are essentially similar in nature to those of digestion 


NUTRITION AND GROWTH. 147 


in animals. Certain insoluble substances are converted 
into forms in which they can diffuse through the organism 
and serve as food to the protoplasm. Many of these 
ferments have been extracted from plants, and there are 
doubtless many more which have not yet been extracted. 
Some of these, known as diastatic ferments, act on starch, 
and convert it into sugar. Others, known as proteolytic 
ferments, act on proteids and convert them into soluble 
peptones, or reduce them to simpler forms (amides). There 
are ferments which convert fats into glycerine and fatty 
acids which then undergo further alteration. Also ferments 
acting on cellulose, inulin, cane-sugar, ete. The soluble 
diffusible substances produced are often identical with the 
soluble substances formed anabolically (sugars and amides), 
and are used in the same way by the protoplasm in building 
up its substance. The action seems to be one of hydration. 
This taking-up of water is usually accompanied by de- 
composition, so that ferment-action comes under the head 
of katabolism. In nearly all cases, however, there is no 
absorption, of oxygen or exhalation of CQg. 


§ 23. Energy. We have seen that energy is derived by 
the plant partly from heat, chiefly from light. The 
energy absorbed is stored up in potential form in the 
complex organic substances formed, In the katabolie pro- 
cesses there is a liberation of energy. The liberated energy 
is for the most part made use of again in building up the 
living substance of the plant, so that we may say that the 
greater part of the energy which enters the plant is ac- 
cumulated in potential form in the complex substances 
formed. But a certain amount is dissipated or given off 
in various ways. A certain amount of energy in potential 
form is, for example, lost to the plant in the various 
complex excreted substances which are got rid of. When 
the katabolic processes are very active, as in the un- 
folding of many massive inflorescences, or the germination 
of large numbers of seeds, a dissipation of energy in the 
form of heat can be recognized ; a distinct rise in tempera- 
ture is noticed. Again, some plants exhibit movement ; 
growth itself may be regarded as a slow form of movement ; 
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the protoplasm of some cells shows an irregular streaming 
movement along the primordial utricle and protoplasmic 
strands (circulation of protoplasm), or a regular movement 
round the inner surface of the cell-wall (rotation) ; all these 
forms of movement mean a loss of energy to the plant. 


§ 24. Growth takes place as the visible result of all 
these metabolic processes, The conditions necessary for 
growth are a supply of food-material, energy, and oxygen, 
a suitable temperature and a condition of turgidity in grow- 
ing cells, We have to take into account not only the 
formation of new cells, but also the growth of individual 
cells. In the anabolic processes there is the building up of 
the living substance, and this is accompanied by the storing 
up of energy. In the katabolic processes there is the 
formation, from the protoplasm, of certain substances 
necessary for building up the tissues, or for carrying on the 
various metabolic processes ; the digestion of stored fcod- 
material; and the liberation of energy which is made use 
of in metabolism. The formation of organic substance and 
the storage of energy is greatly in excess of the loss of sub- 
stance and the expenditure of energy. In other words 
(see p. 14), there is in plants, usually, a constant increase 
in the total amount, i.e. growth, 

By growth, however, is meant not only an increase in 
size, but also a permanent change in form, owing to the 
formation of new substance. In many cases we can rccog- 
nize a temporary increase in size without growth taking 
place, as, for example, when cells become turgid. And we 
may even have the formation of new substance, and yet no 
growth in the strict sense. For example, in a living cell 
new substances may be formed, and new particles of cellulose 
be laid down in the cell-wall (thickening of cell-wall) with- 
out the cell increasing in size or altering its form. 


§ 25. Properties of Growing-Points. (1) It should be 
noticed that at growing-points the giowth is greatest, not 
at the point where there is most rapid division of cells, but 
at some little distance from this point. Thus, in an apical 
meristem, the formation of new cells is most abundant at 
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the apex, but the growth and increase in size of the calls 
takes place chiefly at some distance behind the apex. The 
consideration of a bud will give ample illustration of this. 
In the bud the internodes are extremely short. Rapid 
elongation takes place when the bud begins to unfold. In 
some cases, growth may continue for a long time in the 
internodes, although they are far removed from the apical 
meristem, Similarly, the rapid growth of the leaf is 
effected when unfolding, although all the cells of the leaf 
are present in the bud-condition. 

(2) The elongation of the growing point (stem or root) 
is not in a straight line, As it elongates the growing 
point may move from side to side in a zig-zag course, or 
describe a spiral. The reason is that growth is not equal 
all round the growing point. Ifthe growth is more rapid, 
first on one side andthen on the other, the zig-zag move- 
ment is produced. ‘The spiral movement is due to a wave 
of more rapid growth passing round the growing apex. 
This movement, of whatever kind, is called nutation. Tt 
is well seen and is of importance in twining stems. 

(3) The cells at growing points are always turgid. There 
is a rapid osmosis of nutritive substances into the cells. 
This is always the case where metabolic processes are 
actively going on. The metabolic processes disturb the 
general equilibrium as regards the distribution of nutritive 
substance, and at the same time lead to the formation of 
osmotically active substances. Hence water with nutritive 
substances in solution are drawn into these cells from 
neighbouring cells. Turgidity is an essential condition of 
growth ; turgidity brings about temporary changes in form 
which are rendered permanent by the formation of new 
substance. 

(4) Considering this condition of turgidity, it is evident 
that there must be considerable pressure (or tension) in the 
tissues at growing points, When the epidermis is being 
formed as a firm and rather inextensible membrane it will 
be stretched to some extent by the growing cells within, 
and these again will be compressed owing to the inex- 
tensible nature of the epidermis. In other words, the 
pith, for example, tends to expand, but is prevented by the 
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outer tissues, Thus there is a considerable transverse ten- 
sion in a stem. This is easily demonstrated by a simple 
experiment, Cut the growing apical region of a stem 
longitudinally into two halves ; the two halves bend away 
from each other. This is due to the expansion of the pith, 
which will be found to present a convex surface. Again, 
remove a complete ring of outer tissue from a stem; on 
trying to replace it, it will be found that it does not go 
quite round owing to the expansion of the inner tissue, In 
stems and roots there are also longitudinal pressures or 
tensions, but these are not nearly so considerable as those 
in the transverse direction. 


Phenomena Connected with Pressure. When cells become turgid 
they will expand in directions along which the pressure is least, and 
if growth is taking place these changes in form will become perma- 
nent. It is evident, then, that the question of pressure or tension in 
growing members has an important bearing on the study of cell- 
forms. It is because the pressure is relatively small in the longi- 
tudinal direction that the cells of stems or roots are usually 
elongated in this direction. This elongation is best seen in the 
elements of wood and sclerenchyma ; the thickening of the walls of 
these elongated elements serves to meet the strains to which they 
are subjected. It naturally follows also that the rapid growth of a 
member (e.g. stem or root) in one direction is correlated with this 
relative difference in pressure. 

The formation of intercellular spaces is evidently due to differences 
in pressure and tension in the growing cells. And several other 
phenomena are explained in this connection, eg. the difference 
between spring and autumn wood, and the formation of annual 
rings in secondary wood. During the summer, when the cambium is 
active, there is a gradual increase in the transverse pressure in the 
stem; therefore, the autumn wood consists of narrower and more 
strongly thickened elements, During the winter this cambium is 
inactive, and the pressure is relieved. Thus there is the formation 
of wider elements in the following spring. 

Occasionally, owing to this pressure in the secondary wood, the 
walls of some of the parenchymatous cells of the wood are forced 
through the pits into the cavities of the wood-vesscls. ‘I'he portion 
of the cell which bulges into the vessel is cut off by a wall; cell- 
division takes place in it, and a mass of parenchyma is formed inside 
the vessel. These masses are called thyloses. 


§ 26. Other Modes of Nutrition, (1) The free Nitrogen of the 
atmosphere, although abundant, is not made use of by the green 
plant. There is, however, one important order of flowering plants, 
the Leguminosz (the pea, bean, clover order), in which the nitrogen 
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of the atmosphere is indirectly used. It was for a long time re« 
cognized that leguminous plants would readily grow in « soil eon- 
taining little or no combined nitrogen, and that as a matter of fact 
the soil was often richer in nitrogen after a leguminous crop had 
been grown. These facts, which were at first extremely puzzling, 
have now been explained. Numerous small swellings or tubercles 
are found on the roots of these plants. When the tubercles are 
examined they are seen to be filled with very small unicellular bodies 
called bacteroids. By some these are regarded as of the nature ‘of 
bacteiia ; by others as the “spores” of a fungus. The “ bacterium” 
or fungus is always present in the soil and infects the roots of 
leguminous plants, thus producing the tubercles, These “ bacteroids ” 
apparently have the power of making use of the free nitrogen of the 
atmosphere and bringing it into combination. These compounds 
of nitrogen are then absorbed by the roots. Here we doubtless have 
an example of symbiosis, i.c. a union or association of two organisms 
in a common life, both deriving benefit. It is probable that, while 
the leguminous plant gets the benefit of the nitrogenous compounds 
formed, the fungus feeds on elaborated compounds (containing 
carbon as well as nitrogen) formed by the green plant. This 
symbiotic union must. be clearly distinguished from parasitism (p. 14) 
where one organisin lives at the expense of the other. ; 

(2) A somewhat similar association is found in the roots of many 
_ of our forést trees, more especially members of the order Cupulifer, 
eg. the beech. The roots of these trees are infested by a fungus. 
The threads (hyphz) of the fungus form a dense sheath or invest- 
ment at the region where the root-hairs should be. The free hyphee 
projecting from the surface no doubt discharge the function of root- 
hairs, absorbing water with various inorganic and probably, also, 
organic compounds in solution. The tree gets the benefit of these 
while the fungus makes use of organic compounds, containing carbon, 
elaborated by the tree. A symbiotic association of this kind is called 
a mycorhiza, 

(3) Parasites and saprophytes (p. 14) are not uncommon amongst 
the flowering plants. We can only refer to one or two of the 
commoner examples. Some orchids, ¢.g. the Bird’s Nest Orchid, arc 
saprophytic. They live (by means of a mycorhiza) on the decaying 
organic substance (humus) in woods, and have little or no chlorophyll. 
The carnivorous plants are examples of partial saprophytes. 

The mistletoe is a partial parasite. By means of its suckers it 
obtains 7norganic solutions from the wood of its host (apple, oak, 
etc.). But it is green and carries on the processes of claboration in 
the ordinary way. The dodder is a complete parasite, living on 
clover, furze, heather, ctc., although the young seedling has a root 
fixed in the soil. Some other common plants (ey. the eyebright and 
cowwheat) are partial parasites. They have chlorophyll and ordinary 
roots, bnt from these routs are developed suckers (parasitic roots ov 
haustoria), which fasten on to the roots of vther plants aud take 
up watery soluticus. 


CHAPTER VIII. 
THE PLANT AND ITS ENVIRONMENT. 


§ 1. Irritability is one of the fundamental properties of 
protoplasm ; in other words, it belongs to the nature of living 
protoplasmic substance that -it is capable of receiving im- 
pressions from, @.¢. of being stimulated by, various external 
influences and of making certain responses to these stimuli. 
The consideration of this fundamental property opens up 
the whole question of the plant’s relation to its cnviron- 
ment. Jt is this property which brings the organism “ into 
touch” with its surroundings. On it ultimately depends 
‘the harmony which is everywhere exhibited between a 
plant and its environment. The mature organs of plants, 
in many cases, make responses to the action of external 
stimuli, but such responses are best exhibited by the 
growing organs. In growth the vital activity of the proto- 
plasm is constantly subjected to, and modified by, the. 
stimulating influence of external agencies. ‘The subject is 
a very wide one. In this chapter we can indicate only 
some of the more important influences on plant life. 


§ 2. Light. The protoplasm of a green plant is in 
a healthy condition—a condition of tone—only if sufficiently 
exposed to light. The protoplasm loses its irritability if 
kept for some time in darkness, and a pathological condition 
is induced, It is the stimulating influence of light, however, 
which is quite distinct from this tonic influence, that we 
have to consider, 

Variation in the intensity of light acts as a stimulus on 
plant members (mature or growing), This is spoken of as 
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the paratonic influence of light. It is well shown by the 
action of light on the chloroplasts in the palisade cells of 
leaves. In diffuse light the chloroplasts place themselves 
along the outer and inner walls of the cells and are there- 
fore as freely exposed as possible to the light. This 
arrangement, or rather, this movement by the chloroplasts, 
is called epistrophe. In bright light the chloroplasts place 
themselves along the lateral walls of the cells and are 
therefore more or less screened. This is apostrophe. The 
biological import of this will be evident if the student 
remembers that too bright light induces decomposition of 
chlorophyll. Again, movement is in many plants induced 
by the alternation of day and night. Many leaves and 
flowers which are freely expanded during the day close up 
at night. These are spoken of as nyctitropic movements 
(‘‘sleep-movements.”) We have exainples in the leaves of 
the sensitive plant and wood-sorrel. With regard to grow- 
ing members the general (paratonic) influence of light 
seems to *be to retard the rate of growth in elongated 
members. We have scen a negative example of this in 
“ drawn” plants (p. 140). Grown in darkness the internodes 
of plants become excessively elongated. 

But light also exercises an influence on the direction of 
growth. This influence seems to depend, not on the varying 
intensity of light, but on the direction of the incident rays. 
Axial members tend to place their Jong axes parallel to the 
incident rays. This may be effected in two ways. The 
apex of the growing member may grow either towards, or 
away from, the light. Here we are considering the pheno- 
mena of heliotropism. Heliotropism may be defined as the 
response made by a member, as regards the direction of its 
growth, to the stimulating influence of light. There is 
positive heliotropism if the member turns towards the light, 
negative heliotropism, or apheliotropism, if the member 
turns away from the light. Most stems are positively helio- 
tropic ; roots are negatively heliotropic. A good example 
of heliotropism is seen when a plant is grown in a window. 
Tt will be noticed that, unless the plant be constantly turned 
round, the stem bends over towards the light. This was 
formerly ascribed to the retarding action of light. It was 
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thought. that the bending was due simply to the shaded side 
srowing faster. No doubt the convex side of the stem does 
exhibit more rapid growth, but the explanation given is 
inadequate, seeing that it fails to account for the phenomena 
of negative heliotropism. All we can say is that these 
members, under the stimulating action of light, respond 
by tending to place their long axes parallel to the incident 
rays. We cannot here enter on the deeper question as 
to why this should be so, 

The behaviour of bifacial leaves and other dorsiventral 
organs is different. ‘hey respond by tending to place 
their surfaces at right angles to the incident rays. This is 
called diaheliotropism. 

With regard to the biological significance of the phenomena 
of heliotropism there is no difficulty. The stem, by bending 
over towards the light, supports the leaves in the most 
favourable position for receiving thelight. This is seconded 
by the diaheliotropism of the leaf. The root, by being 
negatively heliotropic, has the best chance of reaching the 
soil. 


§ 3. Gravity. The force of gravity also has a stimula- 
ting influence on the protoplasm of the growing point of 
stem or root. The response made is such that the root 
tends to grow down in tlie direction of the force, the stem 
to grow up in the opposite direction. This response made 
by growing members, as regards the direction of their 
growth, to the stimulating influence of gravity, is called 
geotropism, Roots are positively geotropic, stems are 
negatively geotropic—markedly so in twining plants. 


That these opposite tendencies of root and stem are to be ascribed 
to gravity has been determined by experiment. There is a machine 
called the clinostat consisting essentially of a wheel mounted on a 
horizontal axis, and therefore rotating vertically. A plant is 
attached horizontally to the rim, and the wheel rotated very slowly. 
A little reflection will show that the normal influence of gravity is 
eliminated, as each side of the axis is, in turn, directed downwards. 
Stem and root grow in the directions in which they are placed. 
Another experiment is to attach a plant to a wheel which rotates 
rapidly and horizontally. Vere another force—‘ centrifugal force ” 
-—somewhat similar to gravity, comes into play. If the opposite 
tendencies of root and stem are to be ascribed to gravity, we should 


THE PLANT AND ILS ENVLRONMEN', 155 


expect similar tendencies to be exhibited under the action of 
‘‘centrifugal force.’’? ‘This appears to be the case, for the root bends 
vbliquely outwards, the stem obliquely inwards. 

Lateral roots are not strongly gootropic. ‘hey tend to grow out 
from the parent root. 

) 4. Eydrotropism. ‘The tip of the root is sensitive to moisture and 


responds by curving towards it. In other words the root is positively 
hydrotropic. 


§ 5. Contact. It can often be observed that mechanical 
contact stimulates the growth of many plant organs. It 
is best exhibited by tendrils, root-tips, and one or two 
twining stems (eg. Dodder). When a tendril touches 
some object it becomes concave at the point of contact. 
This is due to the stimulus being transmitted by the proto- 
plasm to the opposite side of the tendril, there producing 
increased turgidity and growth of cells. More of the 
tendril is thus brought into contact with the object, and, 
if the latter forms a suitable support, the process is 
continued and the tendril twines round it. When a grow- 
ing root encounters some obstacle, ¢.g. a stone, its growth 
is so- stimulated that it becoines convex at the point of 
contact and thus is turned away from the obstacle. 

In the Barberry the stamens are sensitive at the base and spring up 
when touched by an insect. When ihe leaf of the Sensitive Plant is 
touched the leaflets close up and the whole leaf hangs down (the 
normal night-position—sce p. 153). Here the stimulus is transmitted 
by the protoplasm to the pulvinus (p. 110), and drooping is due to a 
loss of turgidsty in the cclls of that region, — : 

It is probable that in all cases the stimuli produce their effects by 
inducing 2 molceular change in. the protoplasmic substance, and thus 
bringing about an altercd condition o1 turgidity. In many cases the 
effects produced are out of all proportion to the stimulus, as in the 
cuse of the leaves of the Sensitive Plant. We can explain this only by 
concluding that a considerable molecular change may be set up by a 
stimulus, and that the protoplasm has the power of transmitting the 
stimulus to a considerable distance from the point of origin—thus 
discharging to some extent a rudimentary nervous function. In this 
connexion tae continuity of protoplasm from cell to cell should be 
remembered. 


§ 6, Heat, like light, has a tonic influence on plant growth, 
Vital activity only goes on within certain limits of temperature, 
Speaking generally, the range of temperature 1s from 0° C. to 50°C, 
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But variations in temperature also have a stimulating intluence—cf. 
the paratonic influence of light. 


§ 7. Adaptation. It cannot be doubted that the constant 
operation of external conditions has been one of the most 
important factors in giving rise, in the course of ages, to 
the wonderful adaptation to environment, which is every- 
where exhibited by plants as a whole, as well as by in- 
dividual plant members. Into this larger question, how- 
ever, we cannot at present enter (see Chapter XVIII.). 
We shall here refer simply to one or two more general 
cases. 


Consider the adaptation of an ordinary bifacial foliage leaf. Its 
flattened form gives it a large surface and enables it to absorb the 
necessary supply of carbon-dioxide. Its position is the most favour- 
able for catching the rays of sunlight. It is covered by a protective 
membrane, the epidermis, which prevents excessive evaporation. 
Both palisade and spongy mesophyll cells, containing numerous 
chloroplasts, are adapted for assimilation. The palisade tissue is 
adapted to protect the plastids from the effects of too bright light. 
‘The spongy tissue, with numerous spaces communicating with stomata 
on the under surface, is specially fitted for carrying on the processes 
of respiration and transpiration. The spreading veins convey watery 
solutions to all parts of the mesophyll, and at the same time serve in 
the best way to support the leaf tissue. ‘This supporting and 
strengthening function is also discharged by ribs or masses of 
sclerenchyma developed in the ‘mesophyll. 

Take again the case of a water-plant. Since absorption gues on 
over the whole submerged surface, the epidermis is not cuticularised. 
Further, as there is no transpiration, no stomata are developed (except 
on floating leaves, p. 52). Correlated with these features root-hairs 
and frequently even roots are absent, and the tracheal tissuc is poorly 
developed. ‘The xylem in aquatic stems (sce Myriophyliwn, p. 83) is 
usually central where it best meets the slight pulling strain due to the 
water. Support being given by the water there is little or no 
sclcrenchyma. The leaves may be ribbon-like or much divided 
according as the plants grow in moving or in still water; and, ag the 
chloroplasts need no protection, they are present in the epidermal cells 
and palisade tissue is absent. Winally the presence of large air-spaces 
facilitates the movement and diffusion of gases. 

Xerophytes are plants which show special adaptations for economising 
their water supply. ‘hey are typically met with in dry hot sandy 
regions where the supply of water is uncertain and the conditions 
favour excessive transpiration; but low barometric pressure at high 
altitudes, and exposure to high winds tend to increase transpiration, 
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while low temperature, excess of salt or humus in the soil, ete., reduce 
root-absorption, and thus there may be necessity for economy even in 
cases where water is abundant. IJlence xerophytic adaptation is 
exhibited in varying degrees by plants in very different habitats, 
e.g. rock-plants (lithophyles), shorc-plants (halophytes), plants growing 


on mountains at high altitudes (alpine plants), ete. Provision may bo 
made for storage of water by the development of succulent stems or 
leaves, and for reduction of transpiration by such devices as the 
crowding of leaves, reduction of leaf surface, formation of a thick 
cuticle, coverings of hair, the protection of stomata in cavities, etc. 
(see Pinus, p. 298, and Appendix under Euphorbiacew, Ericaces, 
Chenopodiacea), 

Plants which are adapted to live on other plants, but are not 
parasitic, are called Epiphytes. They usually develop clinging roots, 
which are organs of adhesion, and other roots for obtaining food- 
material. As their water supply is precarious they often show 
xerophytic characters. A ready method of seed-dispersal is an evident 
necessity. Epiphytes abound in tropical woods and include many 
orchids (p. 239). 


§ 8. Germination of a Seed. In conclusion we give a 
summary of the phenomena presented in the germination 
of a seed, as they illustrate some of the more important 
processes’ with which we have been dealing in this and 
the preceding chapters. ‘he conditions necessary for 
germination are:—moisture, access of air, a suitable 
temperature. The seed absorbs a large amount of water 
and begins to swell. Given a suitable temperature, 
chemical changes are initiated inside the seed. Ferments 
are produced and the digestion of storage food-material 
begins. Oxygen is absorbed and katabolic processes are 
active. The living protoplasm builds up its substance at 
the expense of the soluble products of digestion, and rapid 
growth takes place. The seed-coat is ruptured. The 
primary root grows out through the micropyle; being 
negatively heliotropic and positively geotropic it grows 
down into the soil, and produces branches and root-hairs. 
he plumule escapes from the seed, owing to the elongation 
of either the hypocoty] or the stalks of the cotyledons, and, 
being positively heliotropic and negatively geotropic, grows 
upwards, and comes above ground. In the presence of 
light, chlorophyll is developed and carbon-assimilation 
begins. 


CHAPTER 1!X. 
STRUCTURE OF THE FLOWER. 


§ 1. General. ‘The flower may be regarded as a leafy 
shoot highly specialized in adaptation to the performance of 
reproductive functions. The function of a flower is essenti- 
ally to produce seed and fruit, and the various parts (stem 
and leaf organs) have been specially adapted to the per- 
formance of that function. It is necessary at the outset 
to impress this fact on the student. Stem and leaf organs 
in both vegetative shoot and flower have the same morpho- 
logical value; their physiological value only is different. 
The only essentially new structures (morphologically) to be 
considered are certain reproductive bodies—pollen grains 
and ovules—which are borne on these specialized stem or 
leaf organs, and which are concerned in the formation of 
the seed. . 

The axis (stem portion) of the flower usually shows two 
regions-—the pedicel, and the thalamus (also called the torus, 
or receptacle). ‘The pedicel is, popularly, the stalk of the 
flower. Jt may be present or absent, If present, the 
flower is pedicellate; if absent, sessile. The thalamus, or 
torus is the portion of the axis to which the floral leaves 
are attached. In typical flowers there are four sets or series 
of floral leaves, 'To the outside are the sepals ; collectively, 
they constitute the calyx. Interial to these are the petals, 
constituting the corolla, Then the stamens forming the 
androecium ; and finally, in the centre of the flower are the 
carpels, forming the gyneceum or pistil. The buttercup is a 
very convenient type for making a first acquaintance with 
these structures (fig. 92). In other flowers, owing to fusion 
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of the carpels, the gynewceum often shows three distinct 
regions—a hollow basal region, the ovary, and the style 
and stigma (fig. 100 and ef. fig. 92). This will be fully 
explamed later. 


The following facts support the above view of the morphological 
character of the Hower :—(a) The flower, like an ordinary foliage- 
shoot, arises as a bud, very often in the axil of a leaf (bract). 









=>THALAMUS 
OVULE " 5 





SEPAL 
Fig. 92. FLOWER oF Burtercur. 


A, Longitidinal vortical section of whole flower; B, Longitudinal section 
f of a single carpel. 


(4) The thalamus has the general structure of a stcm, and the sepals 
and petals in their structure and development resemble leaves. 
_ (¢) While in most cases the stamens and carpels, having been highly 
specialized, are quite unlike leaves, there are certain conditions in 
which they become distinctly leaf-like. Thus,in many cultivated 
flowers, ¢.g. the rose, the stamens are transformed into petals; in 
the double cherry the gyneccum is represented by a tuft of small 
green leaves. In the water-lily there is a gradual transition between 


petals and stamens. 


§ 2. Inflorescence. The floral, or reproductive region of 
the plant is usually distinctly marked off from the foliage, 
or vegetative region, and is known as the inflorescence. 
Sometimes the main vegetative-axis of the plant passes 
gradually into a single terminal flower, e.g. tulip and wood- 
anemone. Here the flower is said to be solitary and 
terminal. In other cases, the flowers are developed singly 
in the axils of ordinary foliage-leaves, and are called solitary 
and axillary. These are very simple types of inflorescence. 
Usually the flowers are aggregated on a more or less 
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complex branch-system. According to the nature of the 
branching, and other points, many different kinds of such 
inflorescence are recognized (6g. fig. 93). Theso will be 
specially considered later. 

The main axis (primary axis) of the inflorescence, to- 
gether with any secondary axes which may be developed 
(apart from the pedicels of the flowers), is called the 
peduncle. This term is applied instead of pedicel to the 
stalks of solitary terminal, and solitary axillary flowers. If 
the peduncle is an unbranched leafless axis which arises 
from the midst of radical leaves and bears flowers at its 
apex, it is called a scape, e.g. the cowslip. 


§ 3. Bracts, etc. (fig. 93). When the flower arises as a 
lateral bud, the axis on which it is borne is called the 
mother-axis. ‘This may or may not be the primary axis of 
the inflorescence. The side of the flower which is towards 

the mother-axis (or towards the grow- 
ing point of the mother-axis) is said 
‘to be posterior; the side away from 
the mother-axis is anterior. In a 
solitary. terminal flower it is evident 
that these terms are not applicable. 
If the flower arises in the axil of a 
leaf-structure, this leaf-structure is 
called a bract. Though this may be 
given’ as the strict meaning of bract, 
it is found convenient, in practice, to 

: apply the term to any more or less 

Pn oade specialized leaf-structure in the region 
The main axis (peduncle) Of the inflorescence, other than the 

The cea op aheraxis, floral leaves themselves. These bracts 

is the pedicel. or hypsophylis, present great variety 

of form and colour. When present, 
the flower is bracteate ; when absent, ebracteate. The bracts 
may be ordinary foliage leaves, as in solitary axillary 
floweis, or more or less resemble them, though differing 
from the ordinary foliage leaves of the plant. Frequently 
they are small, grven, and seale-like, In many plants they 
are reduced to s iall, tooth-like structures. When they 
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are not green, but coloured like the petals of a flower, 
they are said to be petaloid. In many flowers, the flower- 
stalk bears small outgrowths of the nature of reduced 
leaves. These are called bracteoles. When present, there 
are usually two in Dicotyledons, placed laterally, and one 
in Monocotyledons, situated on the posterior side. 


§ 4. Perianth, or Floral Envelopes. ‘The outer series of 
floral leaves, distinct from stamens and carpels, constitute 
the perianth of the flower. In the great majority of 
flowers, the perianth consists of two series, clearly distin- 
guished as calyx and corolla. Sometimes calyx and corolla 
more or less resemble each other, the sepals and _ petals 
having much the same form and colour, And not un- 
frequently, although two series or whorls are present, they 
are so closely inserted on the thalamus, and so fused 
together that they look like a single series. In this case 
the whole structure is described simply as a perianth; the 
terms calyx and corolla, sepals and petals are not used 
(e.g. Narcissus, lily of the valley, and many other Mono- 
cotyledons). On the other hand, the perianth may be 
represented by a single series or whorl, As the series 
of the perianth are not essential, but only accessory to 
the production of seed, they are frequently referred to as 
the non-essential organs of the flower. If one or both 
series be absent the flower is said to be incomplete. 

If both series of the perianth are wanting, the flower is achlamy- 
deous ; if one only is present, monochlamydeous ; if both are present, 
dichlamydeous. In some flowers (eg. daisy, and many other 
Composites) it is recognized, by comparison with allied types, that 
the calyx is aborted ; in such flowers the remaining series must be 
described as the corolla, not as the perianth. So also in cases where 
the corolla is aborted (e.g. Clematis, Anemone, and many other 
Ranunculacezx), the remaining series, although petaloid, must be 
described as the calyx. The term perianth, however, should be used 
if the monochlamydeous condition is primitive, ¢.¢. if it is an original 
or ancestral character, and not due to abortion of a second series 
(e.g. stinging nettle, oak, elm). ‘ 

§ 5. The Essential Organs. The androcium and the 
gyneceum or pistil, because they bear the reproductive 
bodies necessary for the production of seed, are called the 
essential organs. If both are present in the same flower 
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(the rule in Angiosperms) the flower is hermaphrodite, 
(symbol ¢), bisexual or monoclinows. When they are 
borne on different flowers, as is sometimes found, the flowers 
are imperfect, unisecual or diclinous. The unisexual 
flowers bearing the stamens are male (¢) or staminate ; 
those bearing carpels, female (2) or pistillate. If staminate 
and pistillate flowers are borne on the same plant (e.g. 
hazel), the plant is monewcious; if on different plants 
(e.g. willow and some species of campion), diwcious, A plant 
is polygamous if it bears staminate, pistillate, and herma- 
phrodite flowers (¢.g. ash). Flowers in which both stamens 
and pistil have been aborted are neuter (e.g. ray florets of 
cornflower and sunflower). 


§ 6. Floral Phyllotaxis. In most flowers the series of 
floral leaves are arranged in whorls, and the phyllotaxis is 
cyclic. Sometimes, however, all the floral leaves are in a 
spiral (e.g. Cactus) and the flower is said to be acyclic. If 
some of the series are cyclically arranged, others spirally, 
the flowers are hemicyclic. In the buttercup, for example, 
the calyx and corolla are whorled, while the stamens and 
carpels are spiral. 


§ 7. Number of Parts. We may regard typical flowers 
as having four definite series or whorls of floral leaves— 
calyx, corolla, andrecium, and gyneceum—with the same 
number in each series. ‘But additional whorls may be 
developed in any one of these series, so that the number of 
floral leaves in that particular series is a multiple of the 
original number. This is most frequently seen in the 
andreecium. On the other hand, the number in any one 
series may be reduced by abortion or disappearance of one 
or more of the parts in that series. This is very commonly 
seen in the gyneceum, which is the most variable part of 
the flower. ‘The following examples will illustrate these 
points :—The violet has five sepals, five petals, five stamens, 
three carpels; the pea has five sepals, five petals, ten 
stamens, one carpel; the wall-flower has four sepals in 
two whorls, four petals in one whorl, six stamens in an 
outer whorl] of two and an inner whorl of four, two carpels ; 
many flowers have a large number of stamens in several 
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whorls (e.g. the cherry). It should be noticed that owing 
to the abbreviation of the thalamus and other causes, it 
is often difficult to distinguish the separate whorls, e.g. the 
two whorls of sepals in the wall-flower, the two whorls of 
stamens in the pea. 

Neglecting the reduction of parts met with in particular 
series, and more especially in the gynseceum, we find that 
in Dicotyledons the series of floral leaves are, as a rule, 
arranged in twos, fours, or fives, or multiples of these 
numbers. In other words, the arrangement is dimerous, 
tetramerous, or pentamerous, rarely trimerous. The 
trimerous arrangement, i.e. in threes or multiples of three, 
is characteristic of Monocotyledons. 


§ 8. Alternation of Parts. The general rule is that tho 
leaves of the different series alternate in position with each 
other—the petals alternate with the sepals, the stamens 
with the petals, ete. If there are several whorls of stamens, 
these whorls alternate with each other. But there are 
exceptions. In spiral flowers, the parts are sometimes 
superposed, In cyclic flowers the departure from regular 
alternation arises from various causes. In the primrose 
order, for example, there are five sepals, five petals, five 
stamens, and the stamens are opposite to the petals (anti- 
petalous); this is due to the suppression of an outer whorl 
of five stamens. Sometimes, where there are two alternat- 
ing whorls of stamens, the outer whorl is opposite the 
petals. This (the obdiplostemonous condition) is due to dis- 
placement of the two whorls, which we can easily under- 
stand, remembering the abbreviation of the thalamus and 
the close proximity of the whorls. The carpels, owing to 
reduction of parts in the gyneceum, frequently have no 
definite position in relation to the parts of the other series. 


§ 9. Regular and Irregular Flowers. In regular flowers 
the parts in each series have the same size and form, 1.e. 
the sepals resemble each other, so also the petals, ete. 
Trregular flowers are those in which some of the floral 
leaves in any one series have a different shape or size from 
the others—for example, the petals of pea or violet. 
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§ 10. Floral Symmetry (see p. 9). Flowers may be 
radially symmetrical or actinomorphic, isobilateral, zygo- 
morphic, or asymmetrical. Lygomorphy is very frequently 
due to irregularity, and this is the sense in which the 
term is used as a rule in descriptive botany; the plane of 
symmetry is, in most cases, antero-posterior or median 
(figs, 115, 116), ie. it is the plane passing through the 
anterior and posterior sides of the flower, e.g. pea, violet 
(fig. 118), etc. Asymmetrical flowers are usually spiral, 
e.g. Cactus. 


§ 11. The Thalamus—Insertion of Floral Leaves. The 
thalamus is nearly always short or abbreviated. Only 
oceasionally is it elongated between the whorls of floral 
leaves. An elongation of ‘this kind between calyx and 
corolla is called an anthophore (e.g. Lychnis) ; between the 
corolla and stamens, a gonophore or androphore; between 
the stamens and pistil, a gynophore. The form of the 
thalamus varies considerably. It may be convex and 
more or less dilated, or flattened, or hollow and cup- 
shaped. ‘The insertion of floral leaves varies according to 
the form of the thalamus. In many flowers the thalamus 
is more or less convex, like the head of a nail. The 
gynzceum is developed at the apex of the thalamus; the 
stamens, petals, and sepals, are inserted, im order, on 
the side of the thalamus below the gynzceum. ‘This is 
the hypogynous arrangement (fig. 94, 4). 

Suppose now that the thalamus is not convex, but 
forms a flattened circular disc. The apex of the thalamus 
is, of course, in the middle of the disc, and the flattened 
form is due to the sides of the thalamus having grown 
up to the same level. The gyneceum is developed in the 
middle of the disc, and the sepals, petals, and stamens, 
round the rim or margin. Thcy are not underneath the 
gyneeceum, but round about it. Hence this is called a 
perlgynous arrangement (fig. 94, c). Sometimes the 
carpels are borne on a conical protuberance in the 
middle of the disc; this would represent a continued 
growth of the apex (¢.g. strawberry or raspberry, fig. 94, B). 
It is with the perigynous condition that the student will 
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experience most difliculty; there are so man fi 

2 E any degrees of it. 
The thalamus may not be flat, but hollowed out, and more 
or less cup- 
like. This 






is due to the APOCARPOUS 
sides of the Nal ion 
thalamus Lhd 
continuing Sy we 
to grow en 

ee a 


above the 
apex, which 
les at the 
bottom of 
the cup (x 
fig. 94, np). 
The carpels 
(gyneeceum) 
are de- 
veloped in 
the cup 
the sepals, 
petals, and 
stamens, 
from the 
vin of the 
cup. This 
also is a 
perigynous Fig. 94. “Luavamus anb Insertion or FLorau LeEAy us. 
condition, 4» Hypogynons; B—E, Perigynous; F, Epigynous, (Diagraim- 
matic vertical sections.) 

It should be 

particularly noticed that the cup was formerly regarded 
as part of the calyx and called the calyx-tube.  ‘I'his 
term is still retained, bub the student must be careful 
Lo observe that it is the thalamus. A. still nore extreme 
form of perigyny is found in the wild vose (fig, 94, 8). LLere 
there is a very deep cup. Finally, in the epigynous 
condition (fig. 94, r) the thalamus forms a deep cup as in the 
axtreme forms of perigyny ; but the carpels, as well as the 
sepals, petals, and stamens, are developed from the rim of 
the calyx-tube and simply close in the cavity. The cavity 
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of the calyx-tube therefore becomes the cavity of the 
ovary (p. 159) and its wall forms the greater part of the 
wall of the ovary. Or, regarding it in another way, we 
may suppose that the carpels, developed as in the extreme 
forms of perigyny, are from the first adherent to the calyx. 
tube which is for this reason considered as part of the 
ovary. Thus in epigynous flowers the sepals, petals, and 
stamens, are inserted on the gynzceum.* In the 
perigynous condition the calyx-tube remains distinct from 
the ovary. (Numerous examples of hypogynous, perigynous, 
and epigynous flowers are given in Chapter XIII.) 


§ 12. The Calyx forms in most flowers a protective 
structure, serving to keep all the other parts of the flower 
together. If the sepals are free, 7.e. not coherent or fused 
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EPICALYX 
Fig. 95.—Forms or Caryx, 


laterally, the calyx is polysepalous (e.g. butter 

! .g- buttercup or wall- 
flower). If there is lateral fusion, however slight it may 
be, the calyx is gamosepalous (e.g. primrose) In a 
polysepalous calyx the outline of the individual sepal is 


" The student should notice that, strict] king, i j 
gyneceum is not formed simply from cetoeina ing, In epigyny the 


STRUCTURE OF TIIE FLOWER. 167 


described in the same terms as are used for ordinary 
foliage leaves. The number of sepals in a gamosepalous 
calyx is usually indicated by divisions or teeth (e.g. fig. 95, B). 
If the divisions pass almost to the base of the calyx, it 
may be described according to their number as 3-, 4-, 5- 
partite ; if about half way down, 3-, 4-, 5-id; if the divi- 
sions are small, 3-, 4-, 5-toothed. But there are special de- 
scriptive terms with which the student must be familiar :— 


The sepals are spurred if they are prolonged downwards into a 
tubular process, e.g. garden Nasturtium (fig. 95, A); saccate if 
pouched or dilated at the base, eg. many Crucifere (p. 226). The 
calyx is galcate or hooded if one or more of the sepals form a 
helmet-shaped structure, arching over the 
other parts of the flower, e.g. the monks- 
hood, fig. 96. The gamosepalous calyx 
is tubular (fig. 95, B) if regular and 
elongated with nearly parallel sides; 
campanulate, if regular and more or lcss 
bell-shaped (fig. 99, EB); infundibuliform 
or funncl-shaped, if it widens gradually 
from a narrow base (fig. 99, B) ; w7ceolate 
(fig. 95, &), if expanded in the middle 
and narrowing towards base and apex ; 
globuse, if shorter and almost globular 
(fig. 95, D); dilabiate (fig. 95, ©), if 
irregular and drawn out on each side s» 
as to form two lips (¢.g. calamint). 





In many flowers the sepals are fig, 96,—1/Lower or Moxks- 


° 2 Hoop. CALYX GALEA'TE 
extremely small, or aborted alto ee ces ue 
gether (many Unmbellifere and (One sepal removed.) 


Composite). In many Composite 
(dandelion, thistle, cornflower) a rudimentary calyx is 
present in the form of a series of fine hairs developed . 
on top of the ovary outside the corolla. This is called a 
pappus (fig. 99, a). he calyx is petaloid if the sepals 
are not green, but coloured like petals, It is caducous if 
the sepals fall off just before the flower opens (e.g. poppy) ; 
deciduous if after the flower has opened ; persistent if they 
remain till the fruit is formed (pea, violet), In all hypo- 
gynous and perigynous arrangements the calyx is described 
as inferior; in the epigynous flower the calyx is described 
AS superior. 
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In some flowers, eg. the strawberry, the sepals are 
stipulate. The stipules fuse in pairs between the sepals, 
and produce an outer series of small sepal-like structures, 
forming what seems to be an outer calyx. This is known 
as the epicalyx (fig. 95, F). An epicalyx may also be 
produced by the aggregation of bracts or bracteoles beneath 
the calyx, e.g. the mallow and sweet-william. 


§ 13. The Corolla is, in most cases, an attractive struc- 
ture; its function is usually to attract insects to the 
flower in connection with the 
process of pollination. It 
may be polypetalous or gamo- 
petalous (cf. calyx), regular 
or wregular, and as it to a 
Jarge extent determines the 
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Ligue” |); symmetry of the flower, the 

. terms zygomorphic, actino- 

oo B morphic, are applied to it. 

Hig, 97.—Una@vicuLaT& Perars, According to the insertion of 
B also ligulate. petals the corolla is described 


as hypogynous, perigynous, or 
epigynous. In a polypetalous corolla the outlines of the 
individual petals are described in the same terms as are 
used for the foliage 
leaf, and, as in the 
calyx, the gamo- 
petalous corolla may 
be described as 3-, 4-, 
5-partite, -fid, or 
-toothed. The fol- 
lowing are some of 
the more _ special 


terms :-— B 


The petals are wn- 
guiculate or clawed pio og  maheiiea acca Cantal 
(fig. 07) if they show a” “paviuadsore Woweal B, Pattevionm 
distinction into a stalk- FLower, 
like basal portion, the 
claw, and an expanded upper part, the limd (e.g. wall-flower); ligulate 
if ligules are developed at junction of claw and limb (e.g. pink—fig. 97 
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B); one or more of the petals may be spurred (e.g. violet) ; the petals 
are fimbriated, if they bear a fringe of hair-like processes (¢.9., 
mignonette). The following spccial terms are applied to polypetalous 
corollas :— Crueiform where the corolla consists of four unguiculate 
petals, arranged crosswise, @.¢. in the diagonal planes of the flower (¢.g. 
wall-flower and Cruciferse generally, see fig. 103, A); sesaceous 
(fig. 94, B, C) if it consists of five spreading petals, not clawed, and 
attached perigynously (Rosaccz) ; caryophyllaceous (fig. 98, A) if it 
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CAMPANULATE 


Fig. 99. —Forms oF GAMOrETATLOUS COROLLA. 
A, Tubular hermaphrodite, D, Ligulate pistillate, forcts of a Composite. 


consists of five clawed petals, with spreading limbs attached hypo- 
gynously to the thalamus inside a slender tubular calyx (pinks and 
many Caryophyllacez) ; papilionaceous (from the supposed resem- 
blance to a butterfly) if it consists of five petals, one large—the 
vexillum or standard, two lateral—ale or wings, and two fused 
to form a boat-shaped structure, the carina or keel (pea and British 
Leguminose generally, fig. 98, B). Gamopetalous corollas may be 
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tubular (fig. 99, A), campanulate (harebell, fig. 99, E), tnfundibuli- 
form (fig. 99, B); wrecolate (purple heather) ; globose ; bilabiate (for 
these terms sce under calyx p. 167); bilabiate and ringent if the 
two lips gape apart (dead nettle, fig. 99, 1°); bilabiate and personate, 
if the two lips are closed up (snap-dragon, fig. 99, @); glove-shaped, 
if like the finger of a glove (¢g. foxglove, fig. 99, H), hypocrateri- 
form, or salver-shaped, if it has a long, slender tube and a spreading 
limb (eg. primrose, fig. 100); rotate if 
there is a spreading limb and a very 
short tube (¢.g. forget-me-not, fig. 99, C) ; 
ligulate if it consists of an elongatcd 
membrane which represents the one-sided 
development of a short basal tubular 
part (e.g. dandelion and many Com- 
posite, fig. 99, D). 


The petals are usually brilliantly 
coloured, sometimes green (sepa- 
loid). They may be absent, e.g. 
lady’s mantle and some Ranuncu- 
lacee (Clematis, Anemone), or 
reduced to nectar-secreting struc- 
tures, e.g. monkshood (fig. 96) and 
Fig. 100.—Vertican Secrroy Christmas rose. In the latter 

PE TIONED OF FACED, they form a number of nectar 

FORM. cups situated between the calyx 

: and stamens. 

A perianth, when not distinguished into calyx and 
corolla, is described in muéh the same way ; but the terms 
polyphyllous and gamophyllous are used to indicate the 
oe and coherent condition, respectively, of the perianth 
eaves, 


§ 14. The Corona. This is the term applied to the 
whole series of ligules developed on the corolla or perianth 
of certain flowers. In Narcissus, where the perianth is 
gamophyllous, the ligules are coherent, and the corona is 
cup-shaped. 


§ 15. Prefloration. This has already been referred to 
(see p. 122). The prefloration of the perianth (or calyx and 
corolla) only can be studied. The ptyxis, or folding of the 
individual floral leaves, is described in the same terms as 
are used for foliage leaves (see p, 123). The estivation of 
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calyx or corolla (fig. 89) may be valvate, imbricate, or 
contorted (twisted). JInduplicate* wstivation is a form of 
valvate in which the margins of the floral leaves are folded 
inwards on themselves. Quincuncial® aestivation is a 
form of imbricate where there are five leaves (sepals or 
petals), two internal, two external, and one partly internal, 
partly external, Vewillary wstivation, characteristic of the 
corolla of Leguminose, is another form of imbricate astivation 
(fig. 119). The exstivation may be recognized either by 
taking transverse sections of young flower-buds, or carefully 
removing the young floral leaves one after the other. 


§ 16. The Andrecium. A typical stamen (fig. 101) 
consists of three parts—filament, anther, and connective, 
The filament is the stalk of the stamen corresponding to 
the petiole of a foliage leaf, while the anther represents 
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Fig. 101.—STamMens, SHOWING INSERTION OF ANTHERS, 


the highly modified lamina of the floral leaf. Jt usua'ly 
consists of two anther-lobes (sometimes one), and forms a 
case or box in which are contained the pollen-grains or 
essential reproductive bodies. These lie in four cavities, 
the pollen-sacs (fig. 102), of which there are two in 
each anther-lobe. When the anther dehisces the parti- 
tion between the two pollen-sacs in each lobe breaks 
down, so that there seems to be a single loculus an 
each lobe. This fusion often takes place much earlier 
in the development of the anther. The anther-lobes are 

* Although not mentioned on p. 123 valvate vernation may be in- 
duplicate, and imbricate vernation, quincuncial 
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connected towards the back of the anther by a strip of 
tissue containing a vascular bundle. This is the connective, 
It is usually narrow, so that the anther-lobes lie close 
together, but may be elongated so that the lobes are widely 
separated, eg. sage. Sometimes special appendages are 
developed on stamens. These generally arise as outgrowths 
of the connective. In the violet there is a membranous 
orange-coloured outgrowth on top of each anther, and, in 
addition to these, the two antero-lateral stamens have each 





CONNECTIVE 


Fig. 102.—Transverse Section or ANTUER OF WALL-FLOWF?, 
AFTER DEHISCENCE. 


\ 
a green elongated process (functioning as a nectar gland) 
passing down into the spur of the anterior petal (fig. 118). 
Barren or rudimentary stamens are called staminodes. 
They may consist simply of filament or be represented by 
various peculiarly modified forms, 


§ 17. Descriptive Terms. If the stamens are free from 
each other, ¢.e. not coherent, the andreecium is polyandrous 
(diandrous, triandrous, pentandrous, ete., according to the 
number). If fused, the fusion may be of two kinds. («) 
The stamens cohere by their filaments: this is the adelphous 
condition—monadelphous, if all fused to form a tube round 
the pistil, diadelphous if fused in two groups, polyadelphous 
if in several groups. The monadelphous condition is found 
for example in the mallow and some Leguminose (e.g. 
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broom); the diadelphous, in other Leguminose (e.g. the 
pea) where, of the ten stamens, nine are fused and the 
tenth is free; the polyadelphons, in the St. John’s Wort and 
orange. (4) The stamens cohere by their anthers, the 
filaments being free. This is characteristic of Composites 
(¢.g. daisy, dandelion, thistle, etc.), some Solanacem (e.g. 
the bitter-sweet and potato), etc. It is the syngenesious 
or synantherous condition (fig. 99, a). 

The stamens may be hypogynous, perigynous, or epi- 
gynous ; but sometimes, although they always arise on the 
thalamus, they become adhcrent to, or are carried up by, 
the corolla (or perianth) during its development. They 
appear then to be developed on the petals, and are said 
to be epipetalous (epiphyllous, if on a perianth), This is 
found in many gamopetalous, or gamophyllous, orders of 
Angiosperms (Composite, Labiate, etc., fig. 100). Some- 
times the stamens are adherent to the gynaceum, eg. 
orchids ; this is the gynandrous condition (see fig. 154 and 
Chapter XIII., p. 240). 

Where;the stamens in a flower have different lengths, 
special terms are sometimes applied to the andrecium. 
Thus, in the order Cruciferz (wall-flower, stock, ete.), there 
are four long and two short stamens (fig. 103, 8), and the 





Fig. 1083.—IFLowER oF A CRUCITER. 


A, Entire—cruciform corolla; B, Sepals and petals removed—tetradynamous 
stamons; ©, Transverse section of ovary. 


andrecinm is said to be tetradynamous. In Labiatee 
(e.g. dead-nettle) and Scrophulariacere (e.g.foxglove), where 
there are two long and two short stamens, it is didynamous, 
These are the only common orders in which these terms are 


used. 
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§ 18. Insertion and Dehiscence of the Anthers. The 
attachment of the anther to the filament should be noticed 
(fig. 101). It is innate or basifived if the anther is fixed 
directly on top of the filament ; adnate if the conncctive is 
well marked, and there is no articulation of the filament to 
the base of the anther, so that the filament seems to run up 
the back of the anther ; dorsifiwed if the filament is attached 
to the back of the anther and the anther is immovable; 
versatile is similar, but the anther swings on the filament. 

Usually each anther-lobe bursts open (dehisces) longi- 
tudinally. According as the anther-lobes face inwards 
(towards the centre of the flower) or outwards, the anthers 
or the dehiscence is said to be tntrorse or extrorse. The 
dehiscence may be transverse, as in some Labiatz, or, as in 
heaths and some Solanacee, it may be effected by pores at 
the apices of the anther-lobes. The 
dehiscence is brought about by the 
contraction of the reticulately thick- 
ened cells of the fibrous layer, the 
inner of the two layers forming the 
wall .of the loculus (fig. 102). The 
line of longitudinal dehiscence lies 
between the two pollen-sacs of the 
anther-lobe. 


§ 19, The pollen, in most plants, 
forms a loose, dusty powder, consist- 
3 ing of a large number of minute 
Fig. 104.—A, B, Potten. grains (fig. 104, a, B). The grains 
repr eer ace vary much in size, form, and colour, 
AN ORCHID (p. 240). in different plants. At first (fig. 
105) they are unicellular and the 
wall consists of two membranes or coats. The outer coat, 
the ewine, is cuticularized and frequently ornamented with 
protuberances, spines, etc. The inner coat, the intine, is 
thin and consists of cellulose. In some plants, e.g. orchids, 
the pollen-grains are not loose, but aggregated into a 
single mass called a pollinium (fig. 104, c). 
The development of the pollen-sacs and pollen-grains will 
be described later, 
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_ § 20. The Gyneceum or Pistil, consisting of carpels, 
forms the inner essential organ of the flower. It is the 
part of the flower which has been most extensively and 
completely modificd. The student, 
indeed, finds it difficult at first to 
realize that it consists of modified 
leaves. It is necessary, therefore, 
that he should read very carefully 
the description which follows, mak- 
ing sure that he fully understands 
the exact significance of the terms 
nsed. 

The gyneceum may be mono- 8. 105.—Yo ae 
carpellary or polycarpellary,* that (Section) 
is, it may consist of one or of 
several carpels, In the latter case, according to the 

number, it is bicarpellary, tricar- 


STIGMA + pellary, ete, 
OX °O>S. 





§ 21, The Monocarpellary Pistil 
(fig. 106). The student must 
imagine that during development 
the single carpellary leaf is folded 
on itself, so that its margins are 
brought together and become fused. 
In this way a cavity or space is 
enclosed. The slender apex of the 
carpel elongates and terminates in 
a little dilatation or knob. The 

Vig. 106.—Tuwe Movocar- hollow basal portion is the ovary ; 

PELLARY PisitL, it contains a varying number of 

A, Entire; B, Transverse oval or rounded bodies, the ovules, 
section of ovary; C, Will ; : 

indicate method of folding which afterwards develop into seeds. 

The slender elongated process on 
top of the ovary is the style; the terminal knob is the 
stigma. Thus, a single modified carpellary leaf has formed 
a pistil or gyneceum showing three distinct parts—a 
simple ovary, style, and stigma. The student must care- 


OVARY 





* Notice— poly-” here has not the same significance as in 
polypetalous, etc. 


on 
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fully distinguish the meanings of the terms carpel, 
gyneceum, ovary. 

If we examine the ovary, we find that the ovules are 
marginal, i.e. they are developed on the fused margins of the 
earpel. ‘The fused margins usually swell up to form a longi- 
tudinal ridge or cushion on the inner surface of the ovary 
wall, This cushion is called the placenta, and to it the ovules 
are attached. Seeing that the placenta is on the wall of 
the ovary, the placentation (=the position or arrangement 
of placentas in an ovary) is parietal, Usually, however, in 
the simple ovary the placentation is simply described as 
marginal, The monocarpellary pistil is easily recognized 
by the presence of this single placenta. The pistil of the 
Leguminosz (pea, bean, etc.), is an excellent example. 


§ 22, The Polycarpellary Gyneceum. Of this there are 
two conditions, according as the carpels do or do not fuse 
with each other. If there is no fusion, each carpel forms a 
simple ovary, style and stigma, like the single carpel of the 
monocarpellary pistil. This is the apocarpous condition 
(fig. 92 and cf. polysepalous, polypetalous, polyandrous). Here, 
while there is a single gyneceum or pistil in the flower, there 
is a number of simple ovaries, The number indicates the 
number of carpels. The placentation is marginal, Fre- 
quently, only one ovule is developed in each loculus (many 
Ranunculacee and Rosacez) ; if the ovule is attached to the 
top of the loculus it is pendulous ; if to the bottom, ascending. 

In the second condition all the carpels fuse together to 

- form a single compound (or poly- 
merous) ovary, and the pistil is 
syncarpous (cf. gamopetalous, gamo- 
sepalous, ete.). The fusion may or 
may not be complete. If complete, 
the ovary bears a single style and 

Wa stigma (fig. 107, a), and it is only 
Nig. 107.—tur Sywcarrous by the internal structure of the ovary 

in indicale aaakntaewac eke number of carpels can be 

degrees of fusion.) determined, If incomplete, a number 
of styles or stigmas are borne on 
the single ovary (fig. 107, B, c), owing to the apices 
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of the carpels remaining free. It is evident that the 
number of styles or stigmas gives the number of carpels. 
Thus, in Composite (fig. 99, a) the style is single, but 
there are two stig- 
mas; hence we know 
that the pistil is bi- 
carpellary, 

The structure of 
the ovary and the 
placentation in the 
Syncarpous _pistil 
differs in different 


cases The  fol- Tig. 108.—¥oramation or THE Uninocunar Ovary 
3 y OF A URICARPELLARY PIsrin. 


lowing conditions X indicates points of fusion, (Placentation parietal : 
should be carefully Transverse section.) 
noticed :— 

a) The carpels simply fuse by their adjacent margins 
(fig. 108) to form a unilocular ovary. The fused margins 
swell up to form placentas bearing ovules. The placenta- 
tion is marginal and parietal. The number of parietal 
placentas indicates the number of carpels. 

(6) The carpels are folded on themselves before fusing, 
or we might say that the fused margins run in to the 
middle of the 
ovary (fig. 109). 
Thus a multi- 
locular ovary is 
formed, and the 
marginal _ pla- 
centas of all the 
carpels fuse in 
the centre to 
form a central 
=: or axile column, 
Fig. 109.—Formation oF A TRILOCULAR OvaRy with ‘The placenta- 

AXILE PLACENTATION, : : . 
(Transverse section,) tion is marginal 
endntax11'e: 
The number of loculi, or the number of septa by 
which the ovary is divided, indicates the number of 
carpels (except where false septa are formed—see below). 
Bol. 12 
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Sometimes only one ovule is developed in each loculus. 
It is suspended if it comes off from the placenta high up 
and hangs down in the loculus (fig. 110); but sometimes 
there is no distinct axile placenta—the ovule being either 
ascending or pendulous (p. 176). 

In the ovary of the poppy there is an intermediate 

condition between (a) and (6). The septa, which are 
covered with ovules and are therefore placentas, do not 
reach the middle of the ovary. 
The ovary is unilocular, but 
partially divided. The placen- 
tation is parietal. 

(c) The carpels fuse by their 
adjacent margins and the 
ovary is unilocular as in (@). 

*But the ovules are not de- 
veloped on the carpellary 
margins. They are borne on 
a central] axis running through 
the middle of the ovary. The 
placentation is free-central. 
‘In typical cases (Primulacer, 
fig. 100) the central axis is a 
prolongation of the thalamus 
4 into the ovary. The ovules 
eee ee veticgl enews Fuowss. are developed on the axis of 

the flower, not on the carpels. 

There are a few orders, however (e.g. Caryophyllacew) in 
which the free-central placenta is derived from an 

a axile placentation by the breaking down of the 

septa. , 

Basal placentation is a modification of typical free central. 
Here a single ovule is inserted on the floor of the ovary. 
It is developed on the thalamus, which, however, is not 
prolonged as an axis into the ovary (eg. Polygonacce, 

fig. 112, and Composite, fig. 111). 

The ovules are, in rare cases, developed, not on the margins 
of the carpels, but over the whole inner surface, e.g. the 
flowering rush (apocarpous) and water-lily (syncarpous). 
This is called superficial placentation. 
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§ 23. True and False Septa. 7/-we septa, or dissepiments, 
are those which represent the inturned margins of carpellary 
leaves. Septa formed in any other way, e.g. as ingrowths 
from the surfaces of the carpels, are false. Thus, in the ovary 
of Crucifere (fig. 103, c) there are two parietal placentas; 
during development, a false 
septum grows up from the 
base of the ovary between the 
placentas, 


§ 24. Superior and Inferior 
Ovaries. In all hypogynous 
and perigynous conditions, the 
ovary is described as swperior ; 
in the epigynous condition, as 
wnerior. It might seem out 





FUNICLE ‘apex OF TORUS 


of place to describe the ovary ™* fon en 
as superior, and the calyx in- (Longitudinal section.) 


ferlor, in such a_ perigynous 

condition as is shown in fig. 94, pb. But the student must 
remember that the ovary here is developed at the organic 
apex of the thalamus. As already explained, the wall of 
the inferior ovary is largely formed from the thalamus 
(calyx-tube); the ovules may be developed from the 
thalamus, as in the basal ovule of Composite; but where 
the placentation is parietal, or axile, we must suppose 
either that the carpellary margins grow down into the 
cup of the thalamus, or that a polymerous ovary, such 
as we might find in a perigynous condition, has become 
completely adherent to the thalamus or calyx-tube. 


§ 25. Structure of Ovule. If we examine a typical ovule 
(fig. 112), we find that it is attached by a slender stalk-—- 
the funiculus, or funicle-to the placenta. ‘The body of 
the ovule consists of a mass of parenchymatous tissue, called 
the nucellus, invested by two cellular coats or integuments. 
These integuments arise from the base of the nucellus, and 
completely invest it, except at the apex, where a small canal 
or passige is left leading down to the apex of the nucellus. 
This passage is called the micropyle. In most Angiosperms 
there are two integuments; the outer, called the primine, 
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the inner, the secundine ; but in many (chiefly gamopetalous 
Dicotyledons), there is only one. The base of the nucellus, 
from which the integuments arise, is called the chalaza. 
The point where the body of the ovule is attached to its 
stalk, or funicle, is the hilum. : 
Towards the micropylar end there is a large, specially 
developed cell. This is the embryo-sac. In the embryo-sac 
the protoplasm 








STIGMA- ~ is arranged as 
in an ordinary 

STYLE:-= parenchymatous 
cell. There is a 


lining, or pari- 
ZA EGG-APPARATUS etal layer and 


3 fy aX, prot oplasmic 
= a NUCELLUS strands. ‘Vacu- 
o i a ole and cell-sap 

a See are present. In 
addition to this, 

ANTIPODAL however, several 

CELLS cells are present 


INTEGUMENTS in the embryo- 

sac, formed, as 

Dien will afterwards 
FUNICULUS be explained 
‘ (Chapter XVIT.), 
by free cell - for- 

VASC. BUNDLE mation. At the 
micropylar end 


there are three 


Fig. 112,—Ovary axpD BasAL Ortuotrorous OvuLE ° 
OF PoLtyconum, c 8 ] ls without 
(Longitudinal section.) cell-walls con- 


stituting the 
egg-apparatus. The largest one is the oosphere, ovum or 
egg-cell; the two smaller ones are called the synergide, 
or help-cells. At the other end there are three cells with 
cell-walls. These are the antipodal cells. Embedded in 
the protoplasm in the middle of the embryo-sac there is 
a large nucleus, called the secondary or definitive nucleus 
of the embryo-sac. 











Pre 2 “ 
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The above gives the general structure of the fully-formed 
ovule, at the time when fertilization is just about to take 
place. The development and earlier condition of the ovule 
will be described later (Chap. XVII). 


§ 26. Forms of Ovule. There are several important 
forms of ovule to be noticed. The typical form is the 
straight or orthotropous ovule 
(fig. 112). Here the ovule is 
perfectly straight, not curved or 
bent in any way. The chalaza wyceiius 
and hilum lie close together, and 
the micropyle is at the extreme EMBRYO_ 
apex. In the inverted or ana- SAC 
tropous form (fig. 113), the body 
of the ovule has bent over during 
development, and fused for some 
distance with the stalk or funicle. 
This fused portion of the funicle yg 13 —Axarnorous OvuLr. 
is called.the raphe. In this form (Longitudinal section.) 
the micropyle and hilum lie close 
together, and the chalaza is towards the other end. In 
the curved or campylotropous form (fig. 114, B) the body 
is curved and bent round, so that the micropyle lies near 
the funicle; but there is no fusion with the funicle. 
Hilum, chalaza, and micropyle, all lie close together. The 
amphitropous ovule is an intermediate form in which the 

body of the ovule 

CHALAZA EMBRYO-SAac_ B is straight, but 
onan BUCELEUS, - has been twisted 

~y 7 SS a ~ fj < 
! A a eS round, So Phat 
ants its long axis is 
a \ at right angles 
to the funicle 


; (fig. 114, a). Of 


* 4, ay 
4 : fe 
these forms the 


“<MICROPYLE™ 27". 
N | o7 i : 
pie ae piece oe anatropous 18 
most frequently 


Fig. 114,—Fonms or Ovute. 
met with. Ex- 


A, Amphitropous ; B, Campylotropons, 
amples of the campylotropous ovule are found in many 


CHALAZA -~ 
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Cruciferae (wall-flower, etc.) and Leguminose (pea, bean, 
broom, ete.). The orthotropous ovule is less frequently 
found, eg. Polygonum (fig. 112). The Primulacee and 
some Crucifere give examples of the amphitropous ovule. 


§ 27. Cohesion and Adhesion. The student must be 
clear as to the meaning of these terms. Cohesion is fusion 
‘between members of the same series of floral leaves. 
Thus gamosepalous, polysepalous, polyandrous, syn- 
genesious, apocarpous, syncarpous, are terms signifying 
cohesion or want of cohesion. Adhesion means fusion 
between members of different series, as when the stamens 
are epipetalous. The terms hypo- peri- epi- gynous applied to 
the stamens or petals, superior and inferior applied to ovary 
and calyx, are also terms of adhesion or want of adhesion. 


§ 28. Modification of Floral Structure. The primitive 
typical flower, we may suppose, was regular, and showed no 
cohesion of parts. The countless diverse modifications 
now existing may be ascribed to the operation of various 
processes of which many examples are suggested in the 
foregoing pages. The chief of these are:—abbreviation of 
the floral axis ; closely connected with this the cohesion or 
adhesion of parts, and displacement, as where the positions of 
two whorls of stamens are reversed ; branching or splitting 
(chorisis) of parts, as in the inner whorl of stamens in the 
Crucifere, where the two pairs of stamens (fig. 103, BR) are 
due to splitting of two originally single ones; reduction in 
the number of parts by abortion—this may be partial or 
incomplete, as where the petals are reduced to nectaries ; 
development of irregularity, due to hypertrophy of certain 
parts—this is closely connected with the pollination of 
flowers by insects (as will afterwards be explained). The 
student should notice examples of these processes. At the 
same time he should recognize the general principle 
underlying all this—namely, the more or less perfect 
adaptation of the flower to the function which it has to 
carry on in relation to the conditions of its environment. 


§ 29. Vertical Sections and Floral Diagrams. The 
general structure and arrangement of parts in a flower 
may be shown in drawings of vertical sections (figs. 94, 100, 
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110, 8), in floral diagrams and floral formule. The floral 


diagram may be described as a ground-plan of the flower 
showing the relation of the parts to cach other and to the 


@MOTHER AXIS 
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Fig. 115.—Fr.oraL DIAGRAM OF A Fig. 116.—-Frorau Diagram oF 
ReeuntaR TRTRAMEROUS LOWER, CRUCIFER#, 


mother-aais (fig. 115), In making a floral diagram the 
student must clearly distinguish the antero-posterior or 
median, the lateral, and the diagonal planes (fig. 116). 
Cohesion of parts may be indicated by connecting lines 
(fig. 117, A), but this may be done in the floral formula 
which should accompany the diagram. The estivation also 
may be indicated as in fig. 118. An empirical diagram 
(fig. 117, B) is one showing only the relative positions of the 
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A, Common form; B, Empirical diagram of Speedwell; OC, Theoretical 
diagram of Speedwell. 


parts actually present. A theoretical one indicates, as well, 
by means of dots, the relative positions of parts originally 
present, but now lost (fig. 117, c). 
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The student will experience most difficulty in indicating 
the positions relative to the mother-axis. It will help 
him if he remembers that in most Dicotyledons one sepal is 
posterior. An exception is found in the order Leguminose 
(fig. 119) and there are also exceptional cases where the 





Fig. 118.—Fioran Dra- ‘Fig, 119.—Fioran Dia- Fig. 120.—TyPicat 


GRAM OF VIOLET. GRAM Or LEGUMINOS&. FiLorai DIAGRAM OF 
(Monadelphous form.) MowxocoTyLEDOns. 
(e.g. Lily.) 


posterior sepal has been aborted (fig. 117, B, c). Fig. 120 
shows the characteristic arrangement in typical Monocoty- 
ledons. 

The floral formula indicates the number, cohesion, and 
adhesion of parts. Certain symbols must be noted. P= 
perianth ; K-=calyx; @=corolla; A=andrecium; G= 
gyneceum; oo signifies indefinite in number; brackets 
( ) enclosing the number of parts indicate cohesion ; 
~~~ indicates adhesion ; |,=anti-position.* Thus :— 


Ks) C6) As G(_0°) 


reads gamosepalous calyx of five sepals, gamopetalous 
corolla of five petals, andrecium of five free epipetalous 
stamens superposed on the petals (antipetalous), a poly- 
carpellary syncarpous pistil of an indefinite number of 
carpels with a superior ovary. A line above the symbol 
for gyneceum would mean ‘inferior ovary.’ The floral 
formule of many common orders are given in Chapter XIII. 


* The antipetalous condition of stamens might be indicated by 
writing Ap +. 


CHAPTER X. 
THE INFLORESCENCE. 


§ 1. The Inflorescence is the floral region of the plant 
as distinguished from the vegetative. Its simplest form is 
the solitary terminal flower. Usually it is a more or less 
complex branch-system, the branches bearing flowers 
instead of developing into foliage shoots. Inflorescences 
are best classified according to the type of branching, and 
the special modifications in each case. Probably in all the 
branching is lateral, and they are cither (a) indefinite or 
racemose, (b) definite or cymose. In the former the grow- 
ing point has an indefinite power of growth; it never ends 
in a flower, although the actual number of lateral flowers 
which it produces may be few or many. In cymose in- 
florescences the primary axis and the successive daughter 
axes in turn end in flowers. It is characteristic of race- 
mose inflorescences that the youngest flowers are always 
found towards the apex, or, where a cluster of flowers is 
formed, towards the centre (centripetal); while, in compact 
cymose inflorescences, the youngest flowers are towards the 
outside, z.e. away from the centre (centrifugal). This is why 
the terms centripetal and centrifugal are sometimes used 
for the two kinds of inflorescence. 


§ 2. Simple Racemose Inflorescences. Of these, accord- 
ing to special modifications in each case, we recognize four 
chief types :— 

(w) The typical raceme (fig. 95). Here the mother- 
axis (peduncle) is elongated, and the flowers are stalked, 
Examples are found in the lily of the valley, foxglove, and 
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hyacinth. Similar to this in essential characters is the 
corymb, which may be regarded as a modification of the 





fig. 121.—TuEe Corymy, : 
Fig. 122.—A ‘Ty rican 
SPIKE, 


typical raceme. The mother-axis is relatively shorter, 
and, owing to the elongation of the lower 
one level (fig, 


te pedicels, all the 
SPATHE zona 
121). Good 


flowers come to 
UPPER END~.._/)/ examples are 
OF pe 









SPADIX found in many 
Cruciferse (e.g. 
candytuft). 
Inflorescences 
intermediate in y: 
character  be- Fig. 124.—A Cavkin. 
tween the 
HAIRS.___ corymb and typical raceme are 
éFLOWERS--4, described as corymbose racemes 
HAIRS- -- 1g (e.g. wall-flower). 
? FLOWERS----\eaay, (b) The spike is a racemose in- 


floresence in which the mother- 
My axis is elongated, and the 


Fig. 123.—Srapix or Arum. flowers are sessile (fig. 122), eg. 
Part of lower end of spatho re- +, ‘ ik 
zibtal Ne ceomahntcae eee Spotted Orchid and Plantago. 


There are one or two special 
forms of the spike. The spadix is a massive fleshy spike, 
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bearing usually unisexual flowers. It is protected by a 
large enveloping leaf, sometimes green, more usually peta- 
loid, known as a spathe.* The arum lily (fig. 123) is a 
good example. The catkin or : 
amentum (fig. 124) is a long, more 
or less pendulous, deciduous spike, : 
bearing unisexual flowers. It is ! 
found in many nut-bearing and 
other trees, e¢g. birch, hazel, 
poplar, 

(c) The umbel (fig. 125) is a 
racemose inflorescence in which the flowers are stalked, 
but, owing to the abbreviation of the mother-axis, are all 
given off at one level. There is an indefinite growing point 
which throws off a large number of lateral flowers, but, 
does not give rise to an elongatcd mother-axis. We may 
suppose this to have been derived from the raceme or 
corymb by compression, all the daughter-axes being brought 


4 
x ae 
ee: 
* 
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Fig. 126.--Trve Cavitvurum, 
(Vertical section.) 








to one level, just as the flower itself may be described as a 
compressed shoot, in which, owing to the shortening of the 
internodes, all the whorls of floral leaves lie cloce together. 
(d) The capitulum (fig. 126) is a racemose inflorescence 
in which the flowers are sessile, and crowded together on a 
reduced or abbreviated mother-axis (peduncle), We may 


* The spathe is usually called a bract.-the term bract being used 
in the wider sense (see p. 160). 
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suppose it to have been derived from the spike in the 
same way as the umbel from the raceme. The mother- 
axis is called the disc or receptacle.* It is sometimes flat, 
more frequently dilated and convex. Examples are found 
chiefly in the Composite (daisy, dandelion, etc.). The 
student must clearly recognize that the heads of the daisy, 
dandelion, etc., are not single flowers, but inflorescences 
bearing a large number of sessile flowers. The capitulum 
is invested by a number of small,scaly, overlapping leaves 
(barren bracts). The protective investment thus formed is 
called the involucre. 


§ 3, Cymose Inflorescences. These are either uniparous, 
biparous, or multiparous (see p. 64). In the uniparous 
forms each successive axis ends in a flower after producing 
one daughter-axis. They may be helicoid or scorpiord, are 
sympodial, and sometimes resemble typical racemes (see 
fig. 39, B,D). Uniparous 
cymes resembling ra- 
cemes can be distin- 
guished by the fact that 
the bracts, if they are 
present, are on the 
opposite side of the 
sympodial axis from the 
leaves. If bracts are 
not developed they are 
not easily distinguished. 
In the biparous cyme 
each axis ends in a 
/ flower after producing 
( two daughter-axes. It 





is also called the di- 

chasium or false di- 

Fig. 127,—DicHastum oR Brrarovs Cymr, chotomy (fig. 127). Typi- 
cal examples are found 

in many Caryophyllacew. Sometimes the daughter-axes 
* The term receptacle is ambiguous, being also applied to the 


thalamus. The student must clearly distinguish the two applications 
of the term. 
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are not given oft at the same level, eg. some buttercups, 
Christmas rose, ete. In the multiparous cyme, a whorl of 
daughter-axes is given off before the mother-axis ends in 
a flower. Here a cymose umbel is formed, clearly distin- 
guished from the racemose or typical umbel by the fact 
that the oldest flower is in the middle. 


§ 4. Compound and Mixed Inflorescences. Many in- 
florescences have not the simple characters above described, 
and present considerable difficulty to the student. Jn 
practical work—and it 
should be remembered 5 
that book knowledge is 
worth little or nothing : 4 
here—he should begin by 
carefully recognizing the » , 
simple forms before pro- } 
ceeding to the analysis of PRS ni 

: Vv 
the more complex. \ {Uce 

Many inflorescences are “vo 3 
compound, e.g. a raceme 
of | FACES, «2 spike of Fig. 128,—THE Comrounp Umar. 
spikelets (rye grass), an 
umbel of umbels. The panicle is a compound irregularly 
branched raceme. The compound umbel (fig. 128) is fre-- 
quently found in the order Umbelliferze; here the bracts 
at the base of the chief branches constitute the involucre— 
the smaller bracts at the base of each secondary umbel, the 
mvolucel. The inflorescence in the elder is a compound 
multiparous cyme, in which some of the branches given 
off are larger than others. 

Many inflorescences are mixed. We may, for example, 
have a raceme of spikes, a raceme of capitula, a spike 
of capitula, a raceme of cymes, etc. The panicle of spikelets 
is a common form in many grasses (e.g. the oat); in the 
horse-chestnut there is a raceme of short cymes and the 
inflorescence is called a thyrsus. In the lilac the inflor- 
sscence is of the same nature, but the branching is much 
more copious. Some times the name racemose or panicled 
hyrsoid cyme is applied to such an inflorescence. 
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§ 5. Special Forms. There are many inflorescences 
which, owing to abbreviation of axes or special crowding 
‘of the flowers, do not so readily yield to careful analysis. 
In the hawthorn, for example, the inflorescence might be 
mistaken for a typical corymb. Examination will show, 
however, that the lateral axes borne on the main axis 
are really cymes. It is a corymbose cyme. In the 
cultivated geranium* and many species of Narcissus the 
inflorescence, at first sight, appears to be an umbel. But 
it will be found that the young flowers are not by any 
means aggregated towards the centre, and that the flowers 
are arranged in a number of groups. These are really 
cymose clusters. We may speak of the whole inflorescence 
as an umbellate cymose head, ‘These are found in many 

plants. In Narcissus the inflores- 

2 2 cence is protected by a membranous 

: spathe. In the dead nettle, and 

. 4 many other members of the Labiate, 
- the leaves are opposite and decussate, 

BAe 3 6 and at each node there seems to be 
Fig. 120.—Diacram ivpr- & whorl of flowers. These apparent 

OF roWEne Inuawe’ whorls are called verticillasters. 

A VERTICILLASTER, Careful analysis shows that there is 

an inflorescence in the axil of each 
leaf; it is a dichasium of 
scorpioid cymes, ze. a bi- 
parous cyme which passes on 
either side into a uniparous 
form by suppression of one 
of the branches at each 
branching. It is diflicult to 
recognize this because the 
axes have been reduced and 
the flowers are sessile. It is 
easily recognized in many 
Labiatee where the flowers 
have short stalks. In fig. 129 
the axis which ends in flower 
] gives rise to two dau ghter- Fig. 130.—Cyatuium or EurHorsia. 






? FLOWER: 
_.--é FLOWER 


* Which is really a Pelargonium. 
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axes, 2, ending in flowers. Each of these gives rise to an 
axis, 3, and so on. In the sweet-william and some other 
plants there is a copiously branched biparous cyme, in 
which the axes are short and all the flowers crowded 
together. ‘This clustered form of cyme is called a fascicle. 

The cyathium (fig. 130) is a peculiar inflorescence found in 
Euphorbia (the spurge). There is a cup-shaped involucre 
the margin of which bears a number of crescent-shaped 
glandular scales. Inside the cup there are a number of 
stamens; also a gyneceum borne on a stalk, The whole 
structure looks like a single flower; but each stamen is 
really a male or staminate flower, and the gyneceum with 
its stalk is a female or pistillate flower. This is borne | 
out by the fact that each stamen is articulated to a stalk 
and has a scaly bract at its base. 


CHAPTER XI. 


REPRODUCTION AND LIFE-HISTORY OF THE 
ANGIOSPERM. 


§ 1. Hitherto we have been dealing with the individual 
plant—its structure, nutrition, and growth. We have now 
to see how the plant reproduces its kind and perpetuates 
the species, for that is the ultimate object of its existence. 
In connexion with the reproductive processes we shall 
consider the general course of development—in other words, 
the life-history of the plant. 


§ 2. Vegetative Reproduction (p. 15). The essential 
feature in all vegetative reproduction is that the more or 
less specialized part which is separated off from the vegeta- 
tive region of the parent directly develops into a new plant 
resembling the parent. The part thus separated off has 
different forms in different cases, but in all cases in: the 
higher plants it either consists of a bud, more or less 
specialized, or bears one or more buds. The bud, being 
either buried in the soil, or in contact with the soil, sends 
down roots from its base, while above ground it develops 
into a shoot. The development, at first, is dependent on 
stored food-material. 

Copious vegetative reproduction is found amongst the 
Angiosperms, and it takes many forms. Sometimes special- 
ized buds are developed for this purpose, e.g. bulbils (p. 68), 
while in many plants, if a shoot happens to be buried in the 
soil, the ordinary buds in the axils of the leaves send down 
roots, and develop into shoots which become separated. 
Vegetative reproduction by means of stolons, runners, 
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suckers, tubers, bulbs, corms, rhizomes, etc., has already 
been referred to in Chapter IV. Asa rule, vegetative repro- 
duction does not lead to any very wide distribution of a plant. 


§ 3. Reproduction by Seed. ‘This is by far the more im- 
portant method, tending, as it does, not only to maintain 
the vigour and vitality of the species, but also to secure its 
‘more extended distribution. We shall find that in the 
formation of the seed a sexual process (sexual reproduction, 
p. 15) takes place in the plant, similar in all essential 
points to that which is found in animals, ‘The processes 
which in Flowering Plants lead up to the formation of seed 
and fruit are very complicated, and we must now consider 
them in detail. 


§ 4. Pollination. In order that seed may be produced, 
the pollen grains must be transferred from the anthers to 
the stigma. The meaning of this will be explained in what 
follows. This transference of the pollen grains is called 
pollination. It may be effected in various ways, and thus 
we have different kinds of pollination. There may be (a) 
self-pollination ; or (0) cross-pollination.* Jn the former, 
the pollen grains simply fall, or are transferred in some 
way, from the anthers to the stigma or stigmas of the 
same flower. In the latter, they are carried in various ways 
to the stigma or stigmas of other flowers, either on the same 
plant, or on different plants of the same species. As the 
great majority of Angiosperms have hermaphrodite flowers, 
one would perhaps naturally expect, in most cases, to find 
self-pollination, Asa matter of fact, however, cross-pollina- 
tion is by far the commoner method, although self-pollination 
takes place much more frequently than is usually sup- 
posed. This being so, we must believe that there is some con- 
siderable advantage accruing to the species from cross-pol- 
lination. It has been determined, by dizect observation and 
experiment, that stronger seed is often formed from cross- 
pollinated flowers. This is more especially the case where 


* The terms self-fertilization (Autogamy) and cross-fertilization 
(Allogamy) are commonly used. he studers, however, must care- 
fully distinguish between pollination and fertilization. 
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the pollen is transferred, not simply from one flower to 
another on the same plant, but from one plant to another. 
Now we may correlate this with the known facts of heredity. 
In the formation of seed, a sexual process takes place, and 
we know that in sexual reproduction the offspring inherits 
characters from both sides. In self-pollination there is 
simply the mixing of practically similar characters, while 
in cross-pollination there is a mixing, to a greater or less 
extent, of dissimilar characters. This we know by obser- 
vation to be of advantage to a plant or animal. 
Cross-pollination may be effected by various agencies. 
Thus, the pollen may be transferred by means of the wind, 
water, or animals, and the flowers are said to be anemo- 
philous, hydrophilous, or zoophilous respectively. Grasses, 
meadow rue, nettle, are good examples of anemophilous 
flowers. Hydrophilous flowers are found in some water 
plants, While we have examples of flowers being pollinated 
by means of such animals as slugs, snails, humming-birds, 
etc., the animals thus employed are, in nearly all cases, 
insects (flies, moths, bees, etc.). Such flowers are said to 
be entomophilous, The great majority of Angiospermous 
flowers are such. Here we recognize an intimate inter- 
relation existing between the plant and animal kingdoms. 


§ 5, Contrivances and Conditions favouring Cross-pollina- 
tion. There are in flowers many forms, conditions, and 
mechanisms, the significance of which becomes clear only 
on the view that cross-fertilization is advantageous, and 
that the flowers have become adapted to it. Such mechan- 
isms, ete., either entirely prevent self-pollination, or tend 
to do so, and are distinct adaptations for cross-pollination. 
Neglecting cases where the position of anthers and stigmas 
prohibits autogamy, we shall consider some of the more 
striking conditions. In many plants cross-pollination is 
absolutely necessary if seed is to be produced, owing to the 
flowers being diclinous or unisexual. We have this con- 
dition in its extreme form where the staminate and pistillate 
flowers are on different plants (willow). Dichogamy is a 
condition in which, though the flowers are hermaphrodite, 
the anthers and stigmas come to maturity at different times, 
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and which when completely deve:oped entirely prevents 
self-pollimation. There are two kinds of dichogamy :— 
(a) protandry, where the anthers mpen first; here the 
pollen grains are transferred to an older flower: (b) pro- 
togyny, where the stigma mpens first; here the pollen 
grains are transferred to a younger flower. Protandrous 
flowers are much more common than protogynous. Ex- 
amples of the former are found in Composite, Labiate, 
etc.; of the latter in Arum, sweet vernal grass, Plantago, 
Paeony, etc. Most wind-pollinated flowers are protogynous. 

Anemophilous, entomophilous, and hydrophilous flowers 
have each special characters of their own, so that as a rule 
we can distinguish them at a glance. In anemophilous 
flowers the pollen is produced in great abundance, as much 
of it must be wasted ; the flowers are small and inconspicuous; 
there is no honey or perfume; and frequently the stigmas 
are branched and feathery, to catch the pollen grains. The 
greatest variety, however, is shown in entomophilous flowers ; 
there is no difficulty in recognizing these as being the most 
highly specialized. Asa rule they have large, conspicuous, 
or highly-coloured corollas, or are arranged in conspicuous 
inflorescences ; they usually secrete honey and give out per- 
fume. ‘The pollen is not produced in any great abundance, 
as the provision for its transference is more perfect. The 
bright corollas, the perfume and honey, serve to attract 
insects. ‘To understand this, the student must remember 
that insects do not visit flowers for nothing. They go in 
search of food. In return for the service rendered by insects 
the flowers sacrifice part of their nutritive substance in pro- 
viding food to the insects (honey and pollen), and make 
a further sacrifice of energy in developing certain structures 
(corollas) which will attract the insects. By instinct insects 
associate these attractive structures with the presence of a 
supply of food-material. 

Many entomophilous flowers are further characterized by 
the presence of ingenious mechanical devices, which guide 
and control the movements of the insect and turn them to 
the best account. Thus, in many cases, the corolla is so 
modified that the insect must alight on the flower or enter 
it in a special way (eg. Labiate, Leguminose); the 
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same result may be attained by the secretion of nectar into 
special receptacles or spurs (¢.g. violet) ; often the insect, 
on entering a flower, pushes against special processes or 
outgrowths which move the stamens and bring the anthers 
in contact with its body (sage); or the stamens may be 
jerked, and the pollen scattered over the insect’s body. The 
general result of all these devices is that the insect receives 
the pollen on a special part of its body, and when it enters 
another flower the pollen is deposited on the stigma. In 
many protandrous flowers this is secured by the style bend- 
ing over so that the stigma is in the position formerly 
occupied by the stamens. A very special, but at the same 
time very simple, arrangement for making the best use of 
the insects is the condition known as heterostyly. It is 
seen in the primrose. Here there are two types of flower 
borne on different plants. One kind has long stamens 
(with anthers in the throat of the corolla tube) and a short 
style; the other has a long style and short stamens; thus 
in the two types ‘the positions of anthers and stigma are 
simply reversed. Evidently pollination will be most 
readily effected by transference between these two forms 
and not between two flowers of the same form; and 
experiment has proved that the best seed is produced when 
this is the case. In the primrose there are two kinds of 
flower; this is the dimorphic form of heterostyly. In 
Lythrum there are three, 7.e. flowers with long, short, and 
medium stamens ; this is the trimorphic form. 


§ 6. Special Examples of Floral Mechanism. (a) In Viola tricolor 
--- STIGMA (pansy) the pollen is shed on the surface of 
sakes the anterior petal, which serves as a landing 
place for the insect and is prolonged down- 

~~~. STYLE ward into a spur receiving the honey seercted 
into it by the nectaries developed on the 
yal By antero-lateral stamens (fig. 118). The stigma 
Home MARY is rounded and hollow. It has a little flap 
‘ or valve opening downwards (fig. 131). The 
ia eae the flower opens the valve and 
* eposits pollen received from another flower. 
Hig. Poe °* Pushing down into the spurred petal, the 
(From Green.) insect receives a fresh supply of pollen; but 
saad ; as it leaves the flower it closes the valve and 
self-pollination is prevented. (6) In many leguminous flowers 
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(fig. 98, 8) honey is secreted at the bottom of the tube of stamens. 
Lhe essential organs are enclosed in the keel, and thus protected. 
Leguminous flowers are usually visited by bees. The bee alights on 
the ale. These are articulated with the keel. When the bee, seeking 
for the honey, pushes down the ali, the keel also is depressed and the 
essential organs liberated. There are modifications in detail, but 
generally tho stigma comes out first, and, if thuro is pollen already on 
the insect’s body, cross-pollination is effected, Self-pollination may 
also take place. 


§ 7. Special arrangements for Self-Pollination. Many 
annual plants cannot afford to undertake the risks and 
sacrifices attendant on cross-pollination and are commonly 
self-pollinated (e.g. Groundsel, Chickweed). They have 
small flowers, often without honey or smell, and are either 
homogamous, that is, their anthers and stigmas mature at 
the same time, or so slightly dichogamous that self-pollina- 
tion is secure. ven in flowers evidently adapted for 
cross-pollination there is commonly the possibility of self- 
pollination as a final resource. Many of them are distinctly 
dichogamous, but not completely so, there being usually a 
short period during which self-pollination becomes possible. 
To effect this there are sometimes special contrivances such 
as the curling back of the stigmas to reach the pollen (e.g. 
Composit, Campanulaceze). A very special adaptation 
for self-pollination is the production of cleistogamous 
flowers. ‘These are closed flowers produced late in the 
year by certain plants which had previously produced ento- 
mophilous flowers, ¢.g. the sweet violet, the wood-sorrel, 
Lamium amplexicaule (one of the dead-nettles), etc. In these 
plants the ordinary entomophilous flowers frequently fail 
to produce seed. The cleistogamous flower is inconspicuous 
andapetalous. The calyx never opens, and the stamens and 
pistil are developed in a closed case. 


§ 8. Germination of the Pollen Grain. Processes leading 
up to and ending in Fertilization. At first the pollen grain 
is unicellular (fig. 105), but later, even before it leaves the 
anther, its nucleus and protoplasm divide to form two cells 
(fig. 132, a). One of these, the generative cell, is small and 
lies freely in the protoplasm of the larger or vegetative 
cell. Hither before or after pollination it divides again 
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i enerative cells. There are no cell-walls between 

ae ae Further deseln anges ve pias, ee a siuee 
i exine at a po 

The vegetative cell bursts the fre a oe 

VEGET very slender pollen-tube 

NucLeus (fig. 132,B). The pollen- 

tube grows down through 

4 the tissue of stigma and 

SSE A style and finally enters the 

ovary. Its development and 

GENERATIVE growth is at first stimulated 

Set and directed by chemical 

substances contained in the 

stigma. This is an example 

of chemiotaxis or sensitive- 

B . ness to chemical stimuli. 

Its growth through the 

tissue of stigma and style is 

effected by ferment action 








SE POLLENCTUGES and closely resembles that 
Fig. 132.—GERMINATION OF POLLEN] of the hyph a of a fungus. 
GRAIN» _ After entering the ovary the 


pollen-tube is guided in 
various ways towards an ovule, which it enters usually 
by the micropyle. It pierces the apex of the nucellus and 
comes in contact with the embryo-sac near to the oosphere 
and synergide. The generative cells together with the 
nucleus of the vegetative cell have by this time passed 
down to the apex of the pollon-tube. One generative cell 
only is concerned in the actual process of fertilization. It 
passes from the pollen tube into the embryo-sac and fuses 
with the oosphere. In this process the apex of the pollen 
tube and the wall of the embryo-sac at that particular 
point are both absorbed to allow the passage of the 
generative cell. The synergid assist in the process, hence 
their name synorgide or “ help-cells” (Gr. vy, with, epyor, 
work). This fusion of the protoplasm and nucleus of the 
generative cell with those of the oosphere constitutes 
fertilization in the strict sense. It is evidently a sexual 
union similar to that which occurs in animals. The oosphere 
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is the female cell or gamete; the generative cells are male 
gametes (see p. 15). During the process the vegetative 
nucleus is disorganised. The fate of the other generative 
cell is described on p. 304. The fertilized oosphere forms 
a cellulose wall and is then called the oospore (p. 40), 


§ 9. Modifications of the Process. In a very few Dicotyledons, ¢ 
the hazel and birch, the pollen-tube does not edie the aris by the 
micropyle, but by piercing the chalaza or base of the ovule. This is 
known as chalazogamic fertilization as distinguished from the usual or 
porogamic method, and we speak of the plants as chalazogams and 
porogams respectively. 

Sometimes the embryo-sac protrudes into the micropyle, so that the 
pollen-tube comes 
in contact with it A _SUSPENSOR 


immediately on =i ‘ 
entering the micro- 6 





pyle. 


§ 10. Develop- 
ment of the 
Embryo and En- 
dosperm. ‘The 
stimulus of ferti- 
lization induces 
changes in the 
embryo-sac and 
ovary, and leads 
to the develop- 
ment of the seed 
and fruit. The 
embryo is de- 


veloped from the 
oospore. After 
fertilization the 7 : 
synergidae dis- COTYLEDONS 


appear. The Fig, 133.—Drve.ormen’ ov Dicoryiepvonovs Emuryo 

oospore first of (Capsella bursa-pastoris, 111% SHRPNERD’s Punsr). 
sos : A, First division of oospore. Only two of the octant- 

all divides into “ walls (1, 2) can be shown. ‘ 


two cells, an 

upper and a lower (figs. 133, 134). The upper (hypobasal) 
cell further divides by a series of divisions parallel to the 
first and gives rise to a row or filament of cells called the 
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suspensor. The lower (epibasal) cell 1» attached to the 
end of this and divides by three walls at right angles into 
eight cells (octants), Four of these are posterior (next 
the suspensor), four anterior, ‘This little mass of tissue 
is called the embryonal 
mass. The suspensor 
becomes attached to the 
wall of the embryo-sac. 
While this development 
is going on other changes 
take place in the embryo- 
sac, The secondary nu- 
cleus begins rapid karyo- 
kinetic division, and 
produces a large number 
of small nuclei embedded 
in the protoplasm of the 
embryo-sac. ‘The proto- 
plasm aggregates round 
these nuclei to form 
protoplasts (p. 18) and 
finally cell-walls are laid 
down between them. 

Thus by a process of 

free cell - formation 
if eee eee (p. 38), starting from 
Eee ee the secondary nucleus, 
ig the Embryonal Cell Gn B) forming a tissue is formed in the 

gives Hee eth Cag ake embryo-sac. The cells 

are formed by division of. b, the terminal of this tissue become 

of stem; @, ¢, give bypeotyl; 7 the laden with food-material 

growing-point of root (cf. fig. 137), (starch, oil, aleurone 

grains, etc.) built up 

from soluble compounds which diffuse into them from the 

placenta. The nutritive tissue thus formed in the embryo- 
sac is the endosperm. 

As the embryonal mass increases in size the various parts 
of the embryo are gradually differentiated. In most 
Dicotyledons (fig. 133), the terminal plumule and the two 
cotyledons are derived from the four anterior octants, the 
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hypocotyl from the posterior octants: the growing point 
of the radicle—in other words, the primary root—is derived 
from the terminal cell of the suspensor, called the hypo- 
physis cell. he marking out of plerome, ete., can be 
readily followed in fig. 133. In the majority of Mono- 
cotyledons, on the other hand, a large part of the embryo 
is derived from the suspensor. The embryonal mass 
simply gives rise to a single large terminal cotyledon. The 
primary root and the primary stem, which here arises 
laterally, are developed from the cclls formed by division of 
the terminal cell of the suspensor (fig. 134). 


§ 11. Modifications of the above Processes. In some plants no 
suspensor is formed at all, and the whole of 'the embryo is derived 
{rom the rounded mass formed by the scgmentation of the oosporc. 
In other plants large, massive (not filamentous) suspensors arc pro- 
duced. In a few plants, more especially when the embryo sac is 
large, the endosperm is not produced by free ccll-formation, but by 
ordinary cell-division of the embryo-sac, i.e, the secondary nucleus 
divides into two, and then a wall is laid down dividing the embryo 
sac into two cells, in each of which the process is repeated. 


§ 12. Formation of Seed and Fruit, All this time the 
embryo-sac with its developing contents has been increasing 
in size. As this proceeds, the nucellus becomes gradually 
crushed and disorganized, and finally disappears. The in- 
tegument or integuments of the ovule become dry and firm, 
and form the seed coat surrounding and protecting the 
embryo and endosperm. The testa is derived from the 
outer integument. When an inner coat, the endopleura 
(see p. 57), is present, it is derived from the inner intcgu- 
ment. In all seeds at an early stage endosperm is present. 
If the embryo remains small, and the endosperm persists, 
the fully-formed seed is albuminous (most Monocotyledons, 
and many Dicotyledons). In many Dicotyledons, how- 
ever, and in a few Monocotyledons (e.g. orchids) the embryo 
absorbs the endosperm tissue while the seed is ripening ; in 
this case, the endosperm disappears, and the embryo is 
large. These are exalbuminous seeds. In a very few cases 
the nucellus is not completely disorganized, but, like the 
endosperm tissue, becomes laden with food-material. The 
nutritive tissue thus formed owtside the embryo-sac, and 
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therefore quite distinct from the endosperm, is called 
perisperm (e.g. water lily and pepper). 
|” The seed, then, is the highly specialized reproductive 
‘structure which is formed in Flowering Plants by develop- 
‘ mental changes induced in the ovule by the stimulus of 
fertilization. But the student has now to notice that 
‘these induced or stimulated developments are not confined 
‘to the ovule, but extend to other parts. Processes of 
| secondary growth are set up in the ovary and the neigh- 
| bouring parts of the flower. The entire result of these 
‘changes constitutes the fruit in the wide sense of the term. 
The function of the fruit is to protect the seed, and to 
secure its proper dispersal at the right time. 


§ 13. Development of the New Plant. A period of rest, 
previous to germination, usually follows the complete de- 
velopment of the seed. This period may be short or long. 
Many seeds can retain their vitality for many years, but if 
this period is indefinitely prolonged, the vitality is, sooner 
or later, lost. Thus the development of the oospore into 
the adult plant takes place in two stages—one inside the 
seed, leading to the formation of an embryo; the other 
when germination takes place, and the embryo develops 
into the adult plant (see p. 157). 


§ 14. Suspensor and Cotyledons. We have seen that 
the endosperm contains a supply of food which is made use 
of (sooner or later) by the embryo. In nearly all cases 
the cotyledons are the absorbing organs. In exalbuminous 
seeds this absorption is effected during the ripening of the 
seed, and this is why the cotyledons become so large and 
fleshy. In albuminous seeds it is effected at germination, 
and explains why the cotyledons are in this case usually 
hypogeal ; they remain in the seed to absorb the endosperm. 
In all cases the absorption is effected by the action of enzymes 
(p. 146). Only occasionally does the suspensor act as an ab- 
sorbing organ. Its function is simply to push the embryo 
down into the endosperm. Sometimes, however, when the 
the suspensor is massive, it sends out processes which pierce 
the nucellus and integuments, bury themselves in the 
placenta, and take up food material (some orchids). 


CHAPTER XII. 
SEED AND FRUIT. 


A. Tre SEeEp, 


§ 1. The general structure of the seed having been described 
and illustrated in pp. 55-60 it simply remains to indicate a 
few peculiarities which will be apt to present themselves 
and give rise to difficulty. 


§ 2. Form and Position of Embryo. The structural 
characters of secds are made out by means of sections 
(Appendix, § 11). There is little or no difficulty in this 
where the embryo is straight, as in the examples given in 
pp. 55-60. But there are many 
seeds in which the embryo f 
is not straight, but curved or Cais: Meeps: 

EMBRYO 
4 





twisted in various ways. The 
cotyledons also may be folded. 
Thus a section may pass through 
radicle and cotyledons in various , 
ways (eg. fig. 141, c). In < : 
albuminous seeds there is an ee TESTA 
additional element of difficulty |. Sanne ih 
in the fact that the embryo has ©. nivedenimtental: Sonon 
different relations to the endo- THROUGH EMBRYO, 

sperm. The student can over- 

come these difficulties only by diligent practical work. He 
should carefully study the directions given in the Appendix 
—also figs. 135-138. 

The brazil-nut is a seed in which the shell is the testa. 
It is exalbuminous. The embryo consists almost entirely of 
a huge hypocotyl laden with food-material (oil and aleurone 
grains), the cotyledons being rudimentary and the plumule 
and primary root represented only by growing points, 
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In most Monocotyledons the plumule is very minute. Its 
position is recognized by a tiny notch at the base of the 


EMBRYO 





‘ 
d 
ENDOSPERM . 
Fig. 186.—SEED oF Fig. 137.—Seep or a Lity. 
MonksHoop. (Longitudinal section.) 
(Longitudinal 
section.) 


large terminal cotyledon (fig. 137). But see also maize, oat, 
ete. (figs. 37, 139 c). 


§ 3. Aril and Caruncle. Sometimes after fertilization 
an additional investment is formed on the seed called the 
aril It may be developed 
from either the funicle or 
the micropyle, and is usually 
fleshy, but may have other 

. forms. In the spindle-tree it 
B is fleshy and micropylar in 


ENDOSPERM 
i 








4 

COTYLEDONS origin; in the willow and 
PLUMULE poplar it is hairy and funicu- 
RADICLE lar. The mace of the nutmeg 
ARIL is an aril developed from 


lig, 138.—SzepD or CasTor-OIL, both microp o le and funicle. 

A, Longitudinal section; B, Trans) Smaller growths on the seed 

yerse The dark outline isthe are called carwneles, e.g. the 

, pansy, in which the caruncle 

is formed at the hilum, the castor-oil (fig. 138) and spurge, 

where it is formed at the micropyle; the tuft of hairs 

on the seed of the willow-herb is also of this nature. 

Most botanists apply the term aril to all growths or in- 
vestments formed on the seed-coat after fertilization. 
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B. Tse Fruit. 


§ 4. Definitions. The fruit in the wide senso is the 
entire result of secondary growth induced in the ovary 
and neighbouring parts of the flower by the stimulus of 
fertilization. Botanists, however, have distinguished be- 
tween érue fruits and false, or spurious, fruits. A true fruit 
is one which consists only of the ripened ovary and nothing 
else. It has been defined as a “pericarp containing seeds,” 
the pericarp (see p. 55) being the case developed from the 
altered ovary. A false frwit is one in the formation of 
which other parts of the flower have a share, eg. the 
thalamus or perianth leaves. False fruits are called 
pseudocarps, ‘This distinction, though in some respects 
convenient, is essentially artificial. In the classification 
given below true and false fruits will frequently be found 

grouped together. 


§ 5. Classification of Fruits. Fruits have so many 
forms and modifications that it is necessary to classify them. 
Many different classifications have from time to time been 
framed, and even yet there is none which may be considered 
quite satisfactory. Fruits may be simple, aggregate, or 
composite. A simple fruit is one which is formed from a 
single flower in which the pistil is monocarpellary or 
syncarpous, e.g. the pod of the pea, the capsule of the 
poppy. An aggregate fruit is one which is formed from a 
single flower in which the gyneceum is apocarpous. Here 
each carpel (or rather ovary) gives rise to a fruitlet, and 
the fruit therefore consists of an aggregation of fruitlets. 
A composite fruit, on the other hand, is formed from an 
inflorescence, not from a single flower. Here all the 
flowers increase in size, become aggregated together, and 
form a single mass. These composite fruits are called 
syncarps, and, of course, are all pseudocarps. 

The Simple Fruits are further subdivided into dry and 
succulent according as the pericarp is dry and firm or more 
or less fleshy and juicy. The dry simple fruits are either 
achenial, capsular, or schizocarpic; the succulent simple 
fruits may be drupaceous, baccate, or pomes. The aggregate 
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fruits are collections of one or other of these simple forms. 
The syncarps have peculiarities which distinctly mark them 
off from these others. We will now proceed to describe 
examples of these various forms. 


§ 6, Achenial Fruits. Achenial fruits may be defined as 
dry, indehiscent, one-seeded fruits, The term indehiscent 
means that the pericarp does not naturally burst open to 
allow the seed to escape. The pericarp and testa are both 


~ ENDOSPERM 
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Fig. 189.—AcHENIAL FRuITts. 
A, Cypsela with pappus; B, Samara of Elm ; C, Caryopsis of oat. 
(C, Longitudinal section—bract and bracteole removed.) 


ruptured when the embryo begins to develop at germina- 
tion, According to special peculiarities there are different 
kinds of achenial fruits :—‘ 

__(a) The typical achene is formed from the superior ovary 
of a monocarpellary pistil in which the pericarp and testa are 
free from each other. It is difficult to give familiar examples 
of the simple typical achene ; perhaps the best is that of the 
lady’s mantle (p. 230), But, as will be shown presently, 
many aggregate fruits consist of collections of these. 

(>) The cypsela (figs. 34, 139 a) is an inferior achenial 
fruit. It is formed from the inferior ovary of a pistil con- 
sisting of more than one carpel (usually two). The cypsela 
is the characteristic fruit of the Composite (sunflower, 
daisy). In many forms this fruit is crowned by a persistent 
hairy pappus (p. 167) which serves, to disseminate the fruits. 
The whole structure would constitute a pseudocarp (e.g. the 
(landelion, groundsel, thistle, corn-flower). The cypsela is 
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also found in other plants, e.g. the valerian, where it has 
a& pappus. 

(c) The caryopsis (figs. 37, 139c) differs from the 
typical achene in that the testa and pericarp are fused 
together, forming one membrane. It is formed from a 
superior ovary. The caryopsis is the characteristic fruit 
of the Grasses (e.g. oat, maize, wheat, barley—see p. 244).. 
In some the true fruit or caryopsis is invested by the 
persistent bract and bracteole, and the whole structure is 
therefore a pseudocarp, e.g. the oat. 

(d) The samara, or winged achene, is an achenial fruit 
in which the pericarp is prolonged into a membrane or wing 
which plays an important part in the dispersal of the 
fruit, e.g. the ash (fig. 36) and elm (fig. 139, 8). 

(e) The glans or nut is an achenial fruit in which the 
pericarp is hard and leathery, or woody, forming a shell. 
It is formed from a multilocular ovary (with several ovules) 
in which only one loculus and one ovule develop, the others 
being aborted. Typical examples are found in the hazel, 
oak, beéch, edible chestnut. In these typical examples the 
nuts are invested by a hard or membranousstructure called 
the cupule, derived from the fusion of bracteoles developed 
beneath the flower. Sometimes the cupule encloses one nut, 
sometimes several. The whole structure would constitute 
a false fruit. The cup or cupule of the acorn, the 
membranous ‘‘ husk ” of the hazel-nut, are wellknown. In 
the edible chestnut two nuts are enclosed in a spiny cupule, 
and in the beech there are usually two triangular nuts 
enclosed in a cupule which is almost closed and also slightly 
spiny. The student must be careful to distinguish this 
structure from the capsules presently to be described. He 
should also notice that many structures, popularly called 
nuts because they have a hard shell, are not really nuts. 
Thus the “ brazil-nut” is a seed (derived from a capsular 
fruit). The walnut is part of a drupaceous fruit (p. 212). 


§ 7. Capsular Fruits. These are dry, dehiscent, many- 
seeded fruits. The term dehiscent means that the fruits 
break open naturally to allow the seeds to escape, There 
are different kinds of capsular fruits. 
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(a) The legume, or pod (fig. 76, B), is a dry, dehiscent, 
many-seeded (i.e. a capsular) fruit, formed from the ovary 
of a monocarpellary pistil. The pod splits open, both in 





Fig. 140.—Co.L- 
LECTION (ET#R10) 
oF FOLLICLES OF 
MonkKSHOOD. 


front and behind, into two halves, or valves, 
which separate from each other (Examples: 
—pea, bean, broom, laburnum, and Legu- 
minose generally). 

(6) The follicle resembles the legume very 
closely. It differs only slightly in form, 
and in the fact that it opens on one side 
only, either in front or behind, but not 
both (fig. 140). There is no common 
example of the simple follicle; but many 
aggregate fruits, as will be explained pre- 
sently, consist of aggregations of follicles. 

(c) The siliqua is a characteristic fruit 
of the Crucifere, ¢.g. wall-flower and stock. 


It is developed from the ovary of a bicarpellary pistil, 
in which there are two parietal placentas and a false 
septum stretching between them, so that the ovary is 
bilceular. It is a long, cylindrical fruit, and, in dehiscing, 





CCOTYLEDONS 


Fig. 141.—Frurr anp EMBryo or CRucIFERA, 
A, Silicula; B, Siliqua; C, One form of embryo, entire and in section, 
A and B show the dchiscence, 


the two walls of the loculi break away from the two 
placentas and false septum, and hang. freely suspended from 
the apex of the fruit (fig. 141, z). Thus the two placentas 
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are left behind, forming a two-ribbed framework called the 
replum, across which the false septum stretches. The seeds 
are, of course, exposed on this structure. 

(¢) The silicula (fig. 141, A)may be regarded asa very short, 
flat form of siliqua. It has the same essential structure and 
mode of dehiscence (e.g. the shepherd’s purse, honesty, etc.). 

(e) The capsule. All other capsular fruits which do not 
have the special characters of the Jegume, follicle, siliqua, 
or siliculaare simply called capsules. 
They are formed from polycar- 
pellary, syncarpous pistils, in which 
the ovary may be cither unilocular 
or multilocular. 


VALVE _- STIGMAS 


In the capsule many modes of de- 
hiscence are met with. Sometimes the 
seed escapes through little holes or 
pores, either at base or apex—porous 
dehiscence, e.g. the poppy (fig. 142); 
sometimes by the separation of little 
tooth-like portions of the wall of the Fig. 142.—Cavsutu o¥ Porry. 
ovary, cithcr at base or apex—dehiscence (Porous dehiscence.) 
by teeth (¢.g. at the apex in the pink). 

In many Primulacez, ¢.g. the pimpernel, there is a transverse de- 
hiscence, leading to the separation of a lid from the apex of the 
capsule. Such a capsule is called a pyxidium. Usually, however, 
the dehiscence is by longitudinal slits (fig. 143). In multilocular 
capsules, with axile placentation, the dehiscence is loculicidal if the 
slits run down the middle of the carpels (i.e. open into the loculi), 





LOCULICIDAL SEPTICIDAL “” SEPTIFRAGAL 
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Fig. 143,—Duniscexcre OF MULTILOCULAR CAPSULES, 
(Diagrammatic transverse sections.) 
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he septa and placcntas breaking away in the middle (Iris) ; sep- 
widal, if the slits run down the middle of the septa, the placentas 
eparating in the middle (Rhododendron) ; septifragal, if the slits 
ppear as in loculicidal or septicidal dchiscence but the septa break 
nd the placentas and seeds are left in the middle (Datura, the 
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thorn-apple). In wnilocular capsules (with parietal placentation) 
the slits may pass down the middle of the carpcls between the 
placentas (violet), or split the placentas (cf. loculicidal and septicidal 
above). 


§ 8. Schizocarpic Fruits (Schizocarps). ‘These are dry, 
many-seeded fruits, which, as they ripen, split up into a 
number of one-seeded and usually indehiscent parts re- 
sembling achenes and called mericarps. The best-known 
forms are :— 

(a) The lomentum (fig. 144, a), an elongated fruit 
somewhat resembling a pod, marked off by a number of 
transverse constrictions 
into one-seeded parts, which 
afterwards (usually) break 
away from each other, e.g. 
Ornithopus, the bird’s foot 
and some foreign Legu- 
minose. The fruit of the 
radish is often given as 
an example, but is really a 
siliqua resembling a lomen- 
tum owing to transverse con- 
striction,—in other words, 
a lomentaceous siliqua. 

(b) The cremocarp (fig. 
145, a, B). ‘This is the 
characteristic fruit of the 
order Umbellifere. Tt 
is developed from a_bi- 
carpellary pistil with a 
bilocular, inferior ovary in 

Fig. 144.—Scurzocanrric Fruits Fr peas ya aoe 
A, Lomentum;B, Double samara of Maple; "ig single suspende d ovule 
C, Carcerulus ; D, Regma of Geranium. (fig. 110, B). As it ripens 

the cremocarp splits longi- 
tudinally (between the two loculi) into two mericarps, which 
remain for some time attached to a prolongation of the axis 
called the canpophore. Each mericarp contains a seed, 
These mericarps are popularly called seeds, e.g. the caraway 
“seed” (fig. 145, 0). 
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(c) The carcerulus (fig. 144, c). This is the charac- 
teristic frnit of the orders Labiate and Boraginacos (see 
Chapter XITT.). In these orders the fruit js formed 
from a bicarpellary pistil with a superior ovary which 
becomes quadrilocular 
owing to the forma- 
tion of two false septa 
(fig. 150). here are 
four ovules on = an 
axile placenta. As the 
fruit ripens the four 
mericarps separate from 
each other towards the 







middle and look like Q 8 
four little nutlets or M COTYLEDONS 
achenes. In the carcer- [irre 
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superior ovary of the 
polycarpellary pistil 
splits into a large num. 
ber of mericarps. 

(¢) The regma (fig. 
144, p). This is a schizo- 
carp which breaks up 
into one-sceded dehiscent 
parts, which are not 
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. = A, B, The Cremocarp; C, Longitudinal and 
called mericarp a but ; transverse sections of a mericarp of the 
cocci, é.g. geranium and Caraway. 


castor-oil. In the 
geranium the pistil is formed of five carpels fused round 
a long carpophore. The five styles of the carpels are 
also adherent to the carpophore. When ripe the cocci 
break away and remain suspended by their styles from 
the apex of the carpophore. 7 
(ec) The double samara (fig. 144, 8). This fruit is 
found in the maple, and consists usually of two, but 
often of three parts, in each of which the pericarp is 
prolonged into a membrane, so that the fruit resembles 
two or three samaras joined together. The samaras finally 


break away from each other. 
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§ 9, Drupaceous Fruits. We now pass from the dry 
to the succulent simple fruits. A typical drupe is a true 
fruit formed from a monocarpellary pistil with superior 
ovary, in which the pericarp is distinguished into three 
regions—the outermost forming a skin called the epicurp, 
the middle one soft and fleshy called the mesocarp, and 
the innermost one hard and stony (sclerenchymatous) 
forming a “stone,” the endocarp, inside which there is 
usually one, sometimes two seeds. Thus the “stone fruits” 
are examples of drupes (cherry, plum, greengage, apricot, 
peach, etc.). The almond is a drupe with a somewhat firm 
instead of a succulent mesocarp. In the commercial form 
the epicarp and mesocarp havo been removed. The shell of 
the almond is the endocarp. _ The following are examples of 
drupaceous fruits which differ from the typical drupe in 
various respects, but more especially in being developed 
from a syncarpous pistil. In the walnut there is an 
epicarp and a thin.succulent mesocarp; the shell is the 
endocarp and consists of two valves. The cartilaginous 
partitions passing inwards between the cotyledons (which 
are covered by the testa) are ingrowths from the endocarp. 
The coco-nut is another curious drupaceous fruit. The shell 
is the endocarp; the edible substance is endosperm; and 
the brown layer covering it the testa. A minute mono- 
cotyledonous embryo is embedded in the endosperm at one 
end. There is a space in the middle of the endosperm 
filled with sap (so-called “ milk”), owing to the fact that 
the endosperm could not fill the whole of the large embryo- 
sac. The fibres outside the endocarp are the remains of 
a mesocarp. Because of this fibrous investment the coco- 
nut is often called a fibrous drupe. Some drupaceous fruits 
are popularly called “berries.” Thus the holly “ berry” 
is a drupe in which the endocarp consists of a number of 
parts (four usually), each with a seed. There is a similar 
fruit in the elder. 


§ 10. Baccate Fruits, or Berries. These are succulent 
fruits in which the succulent mass is more or less pulpy, and 
the seeds, which are usually hard, are embedded in the pulp. 
The berry differs from the drupe essentially in the fact that 
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there is no stony endocarp, although epicarp, mesocarp, and 
endocarp may be differentiated. The endocarp, if present, 
is never stony. Baccate fruits may be derived from 
inferior ovaries (¢.g. currant, gooseberry, melon, cucumber), 
or from superior (eg. grape, orange). The orange 18 a 
multilocular superior berry with axile placentation; the 
outer glandular skin is the epicarp, the underlying white 
substance the mesocarp, and the inner membrane lining the 
loculi the endocarp. The juice is secreted by a large 
number of multicellular hairs developed from the walls of 
the loculi. Tho gooseberry is formed from an inferior 
unilocular ovary in which there are usually two, sometimcs 
three, parictal placentas. The pulp is derived chiefly 
from the placentas, partly from the seed-coats. ‘The date 
is recognized as a berry and not a drupe by the fact that the 
‘“‘stone” is not endocarp but seed (fig. 135). The outer 
skin of the date is the epicarp; the sticky mass underneath, 
the mesocarp. Surrounding the stone is a thin membranous 
endocarp. The cell-walls of the endosperm are strongly 
thickened, constituting a store of cellulose—hence the hard- 
ness of the seed. The banana is a berry from which, 
through over-cultivation, the seeds have disappeared. The 
pomegranate, also, is a kind of berry. 


§ 11. The pome is the fruit found in the apple, pear, and 
several other Rosaces. We may take the apple as an 
example. ‘The flower of the apple shows an extreme form 
of perigyny. ‘There is a hollow, cup-like thalamus. The 
pistil developed inside the cup is apocarpous and consists 
of five carpels. As development proceeds, however, the 
carpels fuse tegether and also become adherent to the calyx- 
tube (thalamus). The whole fused mass develops into the 
fruit, ze. the pome. Evidently the pome is a pseudocarp. 
‘The cartilaginous core, being formed from the pistil, is the 
true fruit or pericarp containing the seeds. The pome is, 
therefore, clearly distinguished from the drupe which is a 
true fruit ; and the terms epicarp, mesocarp, and endocarp, 
sometimes applied to the outer skin, the fleshy substance, 
and the core respectively, are inadmissible because in the 
pome these are not regions of the pericarp. In the hawthorn 
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there may be one or several carpels and they become 
stony. When there is only one the pome of the hawthorn 
closely resembles a drupe. Examination, however, would 
show the remains of the sepals, etc., at the apex of the 
fruit. These, of course, are not found in the drupe. The 
quince and medlar, also, are pomes.* 


§ 12. Aggregate Fruits. These aggregates of simple 
fruitlets are called ‘ Hterios.” We may have eterios of 
achenes, follicles, or drupes (drupels). (a) Eterio of 
achenes. A typical eterio of achenes is found in the 
buttercup (fig. 92). There the achenes are all grouped 
together on a slender prolongation of the thalamus. In 
the ordinary hedgeClematis (old man’s beard) there is an 
eterio of achenes, which presents a feathery appearance, 
because the styles of the carpels are persistent, elongate, 
and become hairy. The strawberry is a pseudocarp con- 
sisting of an eterio of achenes scattered over the surface 
of an enlarged, fleshy thalamus. In the young strawberry 
flower the carpels are all crowded together on a pro- 
tuberant thalamus. As the fruit develops, this thalamus 
expands enormously, and the achenes are spread out over its 
surface. Popularly these achenes are called seeds. The 
student must avoid this error. The hip of the wild rose is 
a pseudocarp consisting of an eterio of achenes enclosed in 
a persistent hollow thalamus or calyx-tube (see fig. 94, £). 
This pseudocarp of the wild rose is called a “ cynarrhodium.” 
‘These examples will show the student that he must exercise 
care and discrimination in the examination of fruits. (bd) 
Eterios of follicles (fig. 140). These are found in many 
Ranunculacee, and some Rosacee (see Chapter XIII). 
They will present no special difficulty. (c) Eterios of 
drupes. Examples of these are found in the blackberry 
(bramble) and the raspberry, both belonging to the order 
Rosacesx. Here the little rounded, succulent bodies, which 
have exactly the structure of a typical drupe, are inserted 
on a fleshy conical thalamus. 


* The pome, being formed from a single flower with an apocarpous 
pistil, might be compared with some forms of aggregate fruits, e.g. the 
wild rose (§ 12). The fusion of the carpels, however, and their ad- 
hesion to the calyx-tube, leads practically to a syncarpous condition. 
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§ 13. Composite Fruits. These are not numerous; the 
best examples are tho fig, pineapple, mulberry, and hop. 
(a) The fig. Here the inflorescence is a peculiar hollow, 
pear-shaped form of capitulum, the flowers being developed . 
inside (fig. 146, a). The female flowers produce little fruits 
like achenes, popularly regarded as seeds. The composite 
fruit formed from this inflorescence is called a syconus, 
(6) Pineapple and mulberry. Here the composite fruit is 
called a sorosis. It is formed from a spike, In the pine- 
apple the fleshy axis and the flowers all fuse together. The 
areas on the surface of the fruit represent the flowers. 
Seeds are rarely formed. Above the flowers the axis pro- 
duces a number of leaves forming the “crown.” In the 
mulberry (fig. 146, B) 
the perianths in the 
female spike become 
fleshy, and enclose 
the true fruits. The 5 
whole composite fruit \ 
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berry. ‘They must aN 2 / * SELOWERS 
be carefully dis- he 
tinguished. The fruit 
of the blackberry is 
an etzrio of drupels 
developed from the apocarpous pistil or @ single lower. 
(c) The hop. Here the composite fruit is formed from 
an inflorescence consisting of an axis bearing a number 
of membranous scales. On the upper surface of each 
scale, at its base, are two female flowers, The fruit is 
called a strobilus. The true fruits are achenes. 


Fig. 146,—Comevosite Fruits. 


A, Syconns of Fig (cut vertically) ; B, Sorosis of 
Mulberry. 


§ 14. There are many fruits which it is diflicult to classify, For 
example, the ivy “ berry” is a fleshy fruit containing several seeds ; 
these are not enclosed in a stony endocarp, but there is a firm in- 
vestment round each. ‘The fruit, to some extent, resembles a drupe, 
and may be called a drupaceous berry. Again, the fruit of the 
horse-chestnut is more or less fleshy, but is dehiscent, and contains 
two seeds, thus having the characters of a capsule, It may be 
described as a succulent capsule. So with others, 
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C. Tae Dispersat oF SEeps AND FRutIts. 


§ 15. Its Significance. Jt is manifestly of advantage to 
the species that the seeds should be carried some distance 
from the parent plant. It gives the young seedlings a 
better chance in the struggle for existence, for they are 
saved, to a large extent, from the competition with each 
other in the matter of food, light, ete., which would natur- 
ally arise if they were crowded together round the parent. 
This arrangement for dispersal has an immense importance, 
also, in connection with the study of the distribution of 
plants over the earth’s surface, 


§ 16. Means of Dispersal. There are four ways 
according to one or other .of which seeds are regularly 
dispersed—viz. (a) wind, (6) water, (c) animals, (d) 
mechanisms in the fruit. 


‘(a) Wind. In a few plants the seeds are so small and 
light that when they are set free from the fruits they are 
freely blown about by the wind, eg. orchids. In others, 
where the seeds are larger, the fruit opens in such a way 
that the seeds can be blown out only by a high wind, 
usually being jerked out as the plant sways in the wind; 
this is commonly spoken of as the “ censer mechanism.” 
Examples are seen in the\monkshood (where the fruit is an 
eterio of follicles), the poppy (capsule with porous dehis- 
cence), many Crucifere (a siliqua or silicula) and those 
Caryophyllacee in which the fruit is a capsule dehiscing 
by apical teeth, eg. the pink, Many achenial fruits, also, 
are scattered in this way, eg. the sunflower. Special 
structures are often present which enable the seeds or 
, achenial fruits to be more readily carried by the wind. 
Good examples are seen in the hairy aril of the willow, the 
hairy caruncle of the willow-herb, the wings developed on 
some seeds, the wing of the samara, the pappus of many 
cypselas, the hairy styles of Clematis. These are sometimes 
spoken of as the “ parachute mechanism.” It is interesting 
to notice in what various ways these structures, which are 
adaptations to wind-dispersal, are developed. 
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(6) Water. This mode of dispersal is found in water- 
plants. A few have special arrangements for keeping the 
seeds afloat, e.g. the water-lily, where the seed has little 
air-cavities between the testa and aril. 


(c) Animals. Secds or fruits may be dispersed by 
animals, either by adhering to them or by being eaten by 
them. In the former case the seeds or fruits have 
developed certain structures by means of which they become 
attached to the animal. These processes are usually of the 
nature of hooked spines. Such seeds or fruits are called 
“burrs,” e.g. the burdock, a Composite, where the pointed 
leaves of the involucre become hardened and_ hooked. 
Succulent fruits, e.g. drupes, berries, pomes, etc., are eaten 
by animals, The succulent character is an adaptation to 
this mode of dispersal. In cases where the seeds pass 
through the alimentary canal of' the animal they must be 
protected. This is secured either by a resistant testa 
(berries), or pericarp (e.g. strawberry, wild rose), or by the 
sced being enclosed in a strong endocarp (drupes). Here 
again it is interesting to notice from what various parts the 
succulent mass may be developed—-e.g. mesocarp in drupes, 
thalamus in pome, strawberry, and wild rose, perianth in 
mulberry, the aril on some seeds, etc. The animals con- 
cerned in this mode of dispersal are chiefly birds, 


(2) Fruit-Mechanisms. Some fruits have ‘explosive 
mechanisms” by which the seeds are forcibly ejectcd to 
some distance, eg. Touch-me-not and wood-sorrel. The 
“explosion” is due to tensions set up by certain parts of 
the pericarp or seed becoming extremely turgid. 


§ 17. Occasional Dispersal. Sceds may chance to be 
dispersed in other ways. Some can withstand long im- 
mersion in water, and may be accidentally carried in this 
way. Many are carried on floating timber, many in the 
mud adhering to the feet of water-birds—and so on. We 
must, however, distinguish between these occasional means, 
and the regular modes of dispersal to which plants have 
adapted themselves. 





CHAPTER XIII. 


CLASSIFICATION—-SYNOPSIS OF NATURAL ORDERS, 
(The study of this chapter may be deferred.) 


§ 1. Now that the student has made a general acquaint- 
ance with the form, structure, and physiology of the 
Angiosperm, he may proceed to the special study of certain 
of the more familiar orders and genera. He must clearly 
understand, however, that such a study is essentially 
practical, This chapter has not been written with a view 
to doing away with the actual examination of specimens. 
It is intended to serve as a stimulus and a guide to the 
student in conducting such practical work. 

The Angiosperms form an enormous assemblage of plants, 
presenting such an infinite variety of vegetative and floral 
characters that the elementary student feels hopelessly 
bewildered when he first contemplates them. He is at 
a loss when he tries to follow the guiding principles which 
enable us to detect the essential resemblances due to affinity 
and so reduce this huge assemblage to something like order. 
In other words, he cannot recognize in their proper order of 
value those morphological characters on which classification 
is based. The subject cannot be fully dealt with here; all 
that is hoped is that the present chapter may prove a 
satisfactory introduction to it, 


§ 2. Species, Genera, etc. Many plants have a very close 
resemblance to each other. There are many characters 
which they ail exhibit. These are all characters handed 
down from parent to offspring, and may be called constant 
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characters. On the other hand, there are minute in- 
dividual differences. The individual characters exhibited 
by any one plant are not exactly reproduced in another, 
we, they are not constant. For example, every one can 
recognize a raspberry plant. He does so because all raspberry 
plants resemble each other so closely that he might easily 
imagine them to have been derived from the same parents. 
At the same time he recognizes that all raspberry plants 
present individual differences, e.g. very minute differences in 
the form of the leaves. Such a group of plants constitutes 
a species. A species may be defined as a group or 
assemblage of individual plants which resemble each other 
in all constant characters and are therefore presumably 
descended from a common ancestor. Again, certain species 
resemble each other very closely, while each possesses the 
peculiar constant characters which mark it off as a specics. 
Such a group of species constitutes a genus. lor example, 
the Raspberry and Blackberry are such species; together 
with others, they form the genus Rubus. We name a 
plant by giving both its generic and specific names—thus : 
fiubus Ideus is the Raspberry, Rubus fruticosus the Black- 
berry. In the same way, according to wider resemblances, 
the genera are grouped into Natural Orders, the orders 
into Cohorts, the Cohorts into Series, and so on to Sub-classes, 
Classes, Divisions, and, finally, Groups, or Sub-kingdoms. 
Many of these terms, however, are used arbitrarily. Even 
the application of the terms species and genus is not 
definitely fixed. Frequently there is greater sub-division, 
or less, than we have indicated, eg. the sub-division of 
an Order into families or tribes, each containing a 
number of Genera. Into these details, however, we can- 


not enter, 





§ 3. Classification of Angiosperms, The group Phanero- 
gamia (p. 4) is divided into the two Divisions, Gymno- 
sperme and Angiosperme. ‘The division of the Angio- 
sperme into the two classes Dicotyledones and Monocotyledones 
has already been indicated and all their distinguishing 


characters fully dealt with. 
The Dicotyledones are sub-divided into three sub-classes 
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—-Polypetale, Gamopetale, and Incomplete (Apcetale or 
Monochlamydex)—according to the characters of the 
floral envelopes. ‘These may be further divided into 
series according to the insertion of parts. In each series 
is placed a number of cohorts and orders distinguished 
from each other by characters relating chiefly to the 
structure, arrangement, and number of parts in the 
andrecium and gyneceum, and the characters of seed and 
fruit. 

The Monocotyledones are divided into three sub-classes, 
Spadiciflore, Glumiflore, Petaloidex, according to the 
characters of the perianth, etc. There is further sub- 
division as in Dicotyledones. 

The classification is indicated in the following table :— 


CLASS DICOTYLEDONES:—leaves with reticulate ven- 
ation; flowers with parts usually in twos, fours, or 
fives, seldom in threes ; etc. 

I. Sub-class Polypetale: corolla typically poly- 
petalous. 

1. Series Thalamiflore :—hypogynous, sepals usually 
free, stamens borne directly on the thalamus. 

Natural Orders :—Ranunculacex: Polygonacex, 
Caryophyllaces, Papaveracee, Cruciferae, ’ 
Violaceze, Malvacez. 

2. Series Disciflore :—hypogynous, sepals free or 
united, thalamus usually flattened and 
forming a disc (above the calx) on which 
the petals and stamens are inserted. 

Natural Orders :—Geraniaceer, Huphorbiacee. 

3. Series Calycifloree :—perigynous or epigynous. 

Natural Orders :—Leguminose, Rosacese, Cras- 
sulacese (perigynous) ; Saxifragacea (peri- 
gynous or epigynous); Onagracee, Um- 
belliferae (epigynous). 

TI, Sub-class Gamopetale :—corolla typically gamo- 
petalous. ; 

1. Series Hypogyne. 

Natural Orders :—Rricacew, Primulacen, Ole- 
acer, Convolvulacer, Solanaceez, Bora- 
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einacer, Labiatie, Scrophulariaces, 
Plantacinaces. 
2. Series Epigyne. 

Natural Orders :—Campauulacer, Caprifoli- 

acew, Composila, -~ 
111. Sub-class Incomplete :—monochlamydeous or 
wchlainydeous ; frequently diclinous. 

Natural Orders:—O upulifera—~ including Betu- 
Jace (birch and alder), CoH lutea (hazel), 
and Tagaceas (beech, oak); Salicacesw -~ 
(willow, poplar); Chenopodiavew, Urti- 

cacee, Ulmacem (elm). Cupulifere, Sali- 
eacess, aud certain others are cowbined 
under the cohort Amentifera: (A mentacce). 


CLASS MONOCOTYLEDONES :—leaves with parallel 
venation ; flowers with parts in threes; ete. 
I. Sub- class Spadicifloree Pe saftorescence usually a 
spadix ; flowers without a perianth. 
— Natural Orders: —Aracex (arum lily), Palm- 
aceze (palms). 


IT. Sub-class Glumiflore :—perianth scaly or absent; 
flowers invested by scaly bracts. 
Natural Order :—Grarminacee (grasses). 


LI. Sub-class Petaloideze :—-perianth usually petaloid. 
1. Series Hypogyne. 
Natural Order :—Liliacese. 
2. Series Epigyne. 
Natural Orders:—Amaryllidacern, Tridacew, 
Orchidacer. : 

§ 4. It should be particularly mentioned that amongst. 
the Polypetale and Gamopetale are a number of plants 
without petals. ‘They are placed in these sub-classes, and 
not in the Incomplete, because their true ‘affinities are 
shown by their other characters. The absence of the 
corolla is due to suppression; it is not a primitive 
character. Amongst the Incomplete should be placed 
only plants in which we can recognise a primitive mono- 
or a-chlamydeous condition: 


BOTANY. 


bo 
Ww 
bo 


A. DIcoTryLEDONS. 


“ 

§ 5. Ranunculacee (fig. 147). 

Distinguishing characters :—Hlowers polypetalous, hypo- 
gynous ; stamens indefinite ( co) ; gynecewm apocarpous. 

Most of the plants belonging to this order are herbaceous, 
with alternate or radical and, usually, much-divided, ex- 
stipulate, sheathing leaves. Clematis (¢.g. C. vitalba, the 
well-known “traveller’s joy” or “old man’s beard”) is a 
shrub with opposite leaves climbing by means of its petioles. 
The plants usually perennate by means of sympodial 
rhizomes. The primary root is lost, and adventitious roots 
are developed on the rhizome. Many of these adventitious 
roots form root-tubers, e.g. monkshood and lesser celandine 
(peor ye ; 

In most cases the inflorescence is cymose. In Anemone 
the flowering shoot bears a terminal flower. The flowers 
are hermaphrodite, and may be actinomorphic or zygomorphic. 
There is a general tendency throughout the order to the 
reduction of petals to nectariferous structures (e.g. monks- 
hood, fig. 96); and frequently the petals are wanting 
altogether. Some, however, regard the nectariferous organs 
as representing modified stamens. 

The arrangement of floral leaves may be cyclic, hemicyelic, 
or spiral. In Aquilegia (the columbine, fig. 147, a) it is per- 
fectly cyclic ; in the buttercup it is hemicyclic, the stamens 
and carpels being spirally arranged (fig. 147, B) ; in Clematis 
and Anemone it is spiral. 

Calyx and corolla sometimes consist of five sepals and 
five petals, eg. the common buttercup (fig. 92), and 
Aquilegia ; but the number varies. In those forms where 
the petals are absent or modified the sepals are usually 
petaloid, and are apt to be mistaken for the corolla. The 
calyx and corolla present many other interesting modifica- 
tions (see below). The estivation is imbricate except in 
Clematis, where the calyx is valvate. The calyx is poly- 
sepalous. 

The stamens are indefinite in number ( 0), hypogynous, 
free; anthers innate. The gyneceum is polycarpellary, 
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apocarpous ; the number of carpels varies. There may be 
one or a number of anatropous ovules in each ovary ; if one 
it may be erect or pendulous. 

The seed (fig. 136) is albuminous. The fruit varies: 
it depends on the number of carpels and ovules ; it may be 





Fig. 147,-—Fxioran Diacrams or RANUNCULACE®, 
A, Aquilegia (Columbine) ; B, Species of Ranunculus. 


an etzrio of achenes or of follicles (fig. 140)-—rarely a berry 
or capsule. 

The following flowers may be spccially noticed :—- 

(a) Ranunculus (buttercup) :—actinomorphic: 5 sepals ; 
5 petals, each with a pockct-shaped nectary at its base; 
carpels numerous; fruit an eterio of achenes. R&R, ficaria, 
the lesser celandine, has 3 sepals and 8 petals. 

(6) Aguileyia (columbine) :—actinomorphic; 5 petaloid 
sepals; 5 petaloid spurred petals, secreting nectar; 5 carpels; 
fruit an eterio of follicles. 

(c) Aconitum (monkshood):—zygomorphic; 5 petaloid 
sepals, the posterior one large and galeate; 2 petals re- 
presented by nectariferous organs enclosed in the hood of 
the calyx ; carpels 2-5 ; fruit an etzrio of follicles. 

(d) Delphiniwm (larkspur) :—zygomorphic; 5  petaloid 
sepals, the posterior one spurred ; 2 spurred petals projecting 
into the spurred sepal and secreting honey ; carpels 1-5 ; 
fruit an eterio of follicles (sometimes a single follicle). 
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(e) Clematis :—actinomorphic; 4 or 5 petaloid sepals ; 
petals 0; carpels numerous ; fruit an etewrio of achenes, 
with persistent hairy styles serving for dissemination. 

(f) Anemone :—actinomorphic ; 5 or more petaloid sepals ; 
petals 0; carpels numerous; fruit an eterio of achenes. 
Beneath the terminal flower are three leaves which are 
referred to sometimes as an involucre, sometimes as an 
epicalyx ; in some species they lie so close to the flower that 
they might be mistaken for a calyx. 

(9) Thalictrum (meadow rue) :—-actinomorphic; 4 or 5 
more or less petaloid sepals; petals 0; fruit, etario of 
achenes. Some species are protogynous and wind-pollinated. 

(h) Trollius (globe-flower) :—actinomorphic ; numerous 
petaloid sepals; numerous small petals; fruit, an etzrio of 
follicles. 

(¢) Caltha (marsh-marigold) :—actinomorpbic ; usually 5 
petaloid sepals; petals 0; fruit, an etzerio of follicles. 

(7) Peonia (peony) :—actinomorphic; 5 sepals; 5 or 
more large petals; fruit an eterio of 2-5 follicles. Flowers 
protogynous. 

(k) Helleborus (Hellebore, ¢.g. Christmas rose) :—actino- 
morphic; 5 greenish or petaloid sepals ; a number of petals 
reduced to nectar-cups ; fruit an eterio of follicles. 

In the baneberry the fruit is a single berry; in Nigella 
(love-in-a-mist), a capsule, the carpels being fused. 

Typical floral formula :—K, C, Aco Goo. 


§ 6. Caryophyllacee. 

Distinguishing characters :— Flowers polypetalous, hypo- 
gynous ; stamens definite, usually twice as many as the sepals 
and petals; gyneceum of 2-5 carpels, syncarpous ; ovary 
untlocular ; free central placentation ; the swollen nodes and 
opposite leaves are characteristic. 

The plants belonging to this order are mostly herbs with 
swollen nodes and opposite, simple, usually entire and 
exstipulate leaves. ‘The inflorescence is cymose, typically 
a dichasium (fig. 127). The flowers are regular, usually 


hermaphrodite and pentamerous, exceptionally unisexual or 
tetramerous. 
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The calyx consists of 5 (or 4) sepals, polysepalous or 
gamosepalous, the corolla of 5 (or 4) petals, polypetalous, 
The stamens are hypogynous (rarely perigynous), free, 
10 or 8, occasionally 5 or 4; anthers innate; usually 
the flower is obdiplostemonous (p. 163). Gyneceum, 
2-5 carpels, syncarpous, with free styles (fig. 107, ); 
ovary unilocular, superior; ovules usually numerous, amphi- 
tropous or campylotropous, with free central placentation ; 
sometimes septa can be recognized at the base of the 
ovary, showing that the placentation is derived from 
an originally axile placentation by the breaking down of 
the septa. Seed albuminous; embryo curved. Fruit 
usually a unilocular capsule dehiscing by teeth separating 
at the apex; seeds scattered by the censer mechanism 
(p. 216). 
ari vs order two very distinct tribes are recog- 
nized :—(a) Stlenoidee, in which the calyx is gamose- 
palous—eg. Dianthus, the pink, of which the sweet- 
william and carnation are cultivated forms; Silene and 
Lychnis, which include the various forms of campiou 
and catchfly ; (0) Alsinotdew, in which the calyx is poly- 
sepalous, and the stamens occasionally pcrigynous—e.g. 
the chickweed, the stitchwort, the sandwort, the pearl- 
wort, ete. 

In the Silenoidec the calyx is tubular and the corolla 
caryophyllaceous (fig. 98, a). The petals are clawed, and 
sometimes ligulate (Lychnis, fig. 97, B). The flowers are 
protandrous, and adapted to pollination by long-tongued 
insects (butterflies, etc.). Honey is secreted at the base of 
the stamens. The ragged robin, corncockle, and red campion 
are species of Lychnis. An androphore (p. 164) is present 
in species of this genus. Lychnis dioica, the red campion, 
is dicecious. 

In the Alsinoideew the flower is spreading, and adapted 
to pollination by short-tongued insects, The flowers are 
protandrous, and honey is secreted at the base of the 
stamens. The petals are often deeply cleft. 

Typical floral formule :—Silenoidez Koy ras 5 
eG Alsinoider, K, 0, A, , , Ge- sy 


Rot, 15 


G 
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§ 7 Crucifere (fig. 116). 

Distinguishing characters :—Flowers polypetalous, hypo- 
gynous ; parts in twos or fours ; tetradynamous stamens ; 
placentution and structure of ovary and fruit. 

The plants belonging to this order are herbaceous, oc- 
casionally shrubby. The leaves are alternate and exstipu- 
late. Familiar examples are :—wall-flower (Cheiranthus), 
stock (Matthiola), shepherd’s-purse (Capsella), garden-cress 
(Leyidium), candytuft (/beris), honcsty (Zunaria), turnip, 
cauliflower, and cabbage (Brassica), etc. In the genus 
Brassica (and others) there are many interesting modifi- 
cations of the vegetative regions and inflorescence —e.9. 
cauliflower, in which there is a fleshy inflorescence ; brussels- 
sprouts, in which miniature cabbages are borne in the leaf 
axils; kohl-rabi, in which there is a thickened stem; and 
turnip, in which there is a thickened tap-root. 

The inflorescence is usually a raceme or corymb; there 
are no bracts. ‘Fhe flower as a whole (figs. 103, 116) is 
usually isobilateral, occasionally zygomorphic. ‘The poly- 
sepalous calyx consists of four sepals in two whorls. The 
Jateral sepals are more or less saccate or pouched at the 
base. The estivation is imbricate as a rule. The corolla 
is polypetalous and cruciform. The petals are usually 
clawed. The sestivation is imbricate. The andrecium 
consists of six hypogynous stamens in two whorls, and is 
usually tetradynamous ; the two short lateral stamens form 
the outer whorl; the four inner stamens are supposed to 
have been produced by chorisis (p..182). The nectaries are 
small green glands, situated on the thalamus at the bases 
of the short stamens. The gyneeceumis bicarpellaryand syn- 
carpous ; the two small stigmas are borne on a short style; 
the ovary is superior, and bilccular, owing to the develop- 
ment of a fulse septum between the two parietal placentas ; 
the ovules usually numerous, amphitropous, or campylo- 
tropous, The fruit (fig. 141) is a siliqua befell aires! stock), 
or silicula (candytuft, honesty), The seed is exalbuminous; 
the testa is frequently mucilaginous (mustard, and garden- 
cress), and thus serves to fix the secd to the soil favour- 
ably for germination, The embryo is always folded 
(fig. 141, c). 
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The flowers are only slightly dichogamous, and self- 
fertilization is of regular occurrence. The arrangement in 
corymbs should be noticed. This massing of small flowers 
serves for attraction and more rapid and abundant pollina- 
tion ; it avoids the necessity of each flower producing a 
large corolla (cf. the umbel and capitulum). Frequently 
the outer petals of the outer flowers of the corymb are 
larger than the inner ones, so that the corollas are 
zygomorphic 

a *. 

l'ypical formula aia? WEP Sg er Boa Gey 

§ 8. Leguminose (sub-order Papilionacee)—fig. 119. 

Distinguishing churacters :— Flowers polypetalous, peri- 
gynous, papilionaceous ; stamens 10, mon- or diadelphous ; 
gyneceum monocarpellary ; fruit a legume (or lomentum). 

The sub-order is a very large and important one, including 
herbs, shrubs, and trees of various form and adaptation in 
which the leaves are alternate, stipulate, and frequently 
compound, The French bean is an example of a twining 
plant; the pea, of a plant climbing by means of leaf-tendrils. 
Robinia (the garden acacia) has spiny stipules. Many other 
modifications have been dealt with generally in preceding 
chapters. All have tubercles on their roots connected with 
the absorption of nitrogen (see p. 151). Familiar examples 
are broom (Cytisus scoparius), gorse (Ulex), Genista, 
laburnum (Cytisus laburnum), the clovers (Trifolium), the 
vetches (Vicia), the peas and beans, etc. 

The inflorescence is always racemose—either racemes in 
which sometimes, owing to the abortion of the growing 
point, only two or three flowers are developed, e.g. sweet 
pea (fig. 76, B), or stout spikes. The flowers are herma- 
phrodite, zygomorphic, papilionaceous, and perigynous. The 
perigynous condition is not strongly marked. The mechanism 
of pollination is described on p. 197. 

The calyx is gamosepalous, five-toothed, sometimes bi- 
labiate, inferior, The odd sepal is anterior (fig. 119). The 
corolla is polypetalous, papilionaceous (fig. 98, B). The 
andrecium consists of ten stamens, perigynous, either 


* x = Cruciform. 
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monadelphous, as in the broom, or diadelphous, as in the 
sweet pea; in the latter case the posterior stamen is free. 
The pistil is monocarpellary (fig. 106) ; the ovary, unilocular, 
superior ; the ovules, indefinite (00 ), anatropous, or campylo- 
tropous ; marginal placentation. The style is elongated, and 
the stigma terminal. The fruit is a legume (fig. 76, 8), 
occasionally « lomentum, The seed is large and exal- 
buminous, . 


Floral formuls Ky C, As +5) G,. 


or, Ke OC, A G.. 


COs hes 

All the British Leguminose belong to the sub-order 
Papilionacee. But there are two other sub-orders, the 
Ceesalpinee and Mimosez, which are tropical ; the Mimo- 
see include the mimosas and acacias. The characters of 
these are in many ways peculiar. The flowers are not 
papilionaceous, and the stamens often (acacia and mimosa) 
numerous. The acacias have spiny stipules, and many of 
them have phyllodes. Mimosa pudica is the sensitive plant. 
The so-called acacia of our gardens (Robinia pseudacacia) is 
not an acacia. 

Many of the Leguminose describe sleep movements 


(p. 153). 


»'§ 9 Rosacee (fig. 148): 

Distinguishing characters :—Flowers polypetalous, peri- 
gynous, regular; stamens usually numerous ; pistil apo- 
camrpous. 

This is a large order of herbs, shrubs, and trees. The 
leaves are alternate, simple, or compound, and usually 
stipulate. Some forms of vegetative reproduction are 
worthy of notice, eg. runners in the strawberry, suckers 
in the raspberry. 

The inflorescence is very various, and includes both 
racemose and cymose forms, The flowers are regular, 
pentamerous (or tetramerous), usually hermaphrodite, peri- 
gynous, 

The calyx is gamosepalous, five-sepalous; sestivation 
imbricate. An epicalyx is sometimes present, e.g. straw- 
berry. The corolla is polypetalous and rosaceous, with 
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usually five petals imbricate in the bud. Stamens two, 
three, or four times as many as the petals, or oo. 
Gyneceum of 1 to co carpels, apocarpous. There aro 1 to 2 
anatropous ovules in each carpel. Fruit various —a drupe, 
a pome, eterios of drupes, achenes, or follicles, The seed 
is exalbuminous. 

The order gives a good illustration of the various forms 
of perigyny (see fig. 94, B-x). Con- 
sidering the variety in the forms of 
the thalamus and the number of carpels, 
there is little to wonder at in the. 
variety met with in the fruit. The 
following notes on a few common forms 
will illustrate these points :— 


(a) In the strawberry (Fragaria), 
raspberry (/tubus Ideus), and black- 
berry (ltubus fruticosus), the thalamus pig 148 Fronan Dia. 
is a flattened dise with a conical pro- GRAm oF Rose. 
tuberance (fig. 94, 8). ‘This protuber- 
ance expands, and forms the fleshy mass of the fruit of 
the strawberry (p. 214), while in the two others it bears 
tho etzrio of drupels. 


(6) In Spirea ulmaria, the meadow-sweet, the fruit is an 
etzrio of five follicles borne on a flattened thalamus. 


(c) In the cherry, plum, apricot, almond (species of the 
genus (Prunus), etc., only one carpel with two ovules is 
present, and the thalamus forms a cup (calyx-tube). The 
fruit is a drupe with usually one seed, the second ovule 
aborting. The calyx-tube decays and breaks away; it has 
no part in the formation of the fruit, 

(d) In the wild rose (Zosa), the thalamus forms a deep 
cup (fig. 94, 8). It is persistent, and encloses the etwrio 
of achenes (see p. 214). 

(e) In the apple, pear, mountain-ash (species of genus 
Pyrus), hawthorn (Crategus), the medlar and quince, ete., 
the thalamus forms a deep cup, and a complete fusion 
takes place between it and the carpels forming a pome 
(p. 213). 
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(f) In the lady’s mantle (Alchemilla) there is an epicalyx, 
and a calyx of four sepals, no corolla, four stamens alter- 
wating with the sepals, and one carpel forming a single 
achene. This tetramerous arrangement is also met with in 
a few other types of Rosacee. In some, the flowers are 
unisexual, e.g. Potertum Sanguisorba. 


General floral formula :—K 6) C,jAco Gags 


§ 10. Umbelliferee. 

Distinguishing characters :—Flowers polypetalous, epigy- 
nous, pentamerous ; 5 stamens ; structure of ovary and frutt. 

This is a very large and important order, easily recognized 
by the general habit of the plants and their fruits. The 
plants are either herbs or shrubs with hollow (fistular) 
stems and alternate, amplexicaul, exstipulate leaves, which 
are usually much divided. “Common examples are the 
carrot (Daucus carota), the chervil, fool’s parsley (Athusa 
cynapiwm), the caraway (Caruwm carut), pig-nut (Cono- 
podium denudatum), wild celery (Apiwm graveolens), ete. 

The inflorescence is nearly always a simple or compound 
umbel (figs, 125, 128). The flowers (fig. 110) are usually 
hermaphrodite and regular; they are epigynous and 
markedly protandrous, An epigynous honey-disc is present 
on top of the ovary, and accessible to all kinds of insects. 
Pollination is generally effected by small flies. 

The calyx is rudimentary or absent. The corolla is 
polypetalous ; the petals are usually white or yellow, and 
often have reflexed tips; estivation usually imbricate. 
The stamens are five in number and epigynous. The 
gyneceum is bi-carpellary, syncarpous; the epigynous 
honey-dise bears two stigmas; the ovary is bilocular, with 
one suspended ovule in each loculus. The fruit is a 
cremocarp (fig. 145, a, B). The mericarps are usually 
marked by ridges (costw) with intervening oil-ducts (vitte). 
The seed is albuminous (fig. 145, c). 

The aggregation of flowers in umbels has the same bio- 
logical significance as the aggregation into corymbs (p. 227). 
The outer flowers of the umbel are frequently irregular 
and zygomorphic. Unisexual flowers sometimes occur. 


Floral formula:—K,, U. ps Ga 
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§ 11. Primulaces (fig. 149). 

Distinguishing characters :—Flowers gamopetalous, hypo- 
gynous, regular; stamens epipetalous, antipetalous > pistil 
syncarpous ; free central placentation. 

The plants belonging to this order are herbs perennating 
by means of rhizomes or tubers. The primrose has a 
sympodial rhizome; the cyclamen has a large massive 
persistent tuber. The leaves are exstipulate; eithcr radical 
or cauline and (usually) opposite, ; 

The flowers (fig. 100) are usually regular, actinomorphic 
hermaphrodite, pentamerous (or sometimes tetramerous) : 
many are heterostyled (e.g. Primula, Glau), 

The calyx is gamosepalous and persistent, 5— (or 4~) 
cleft. The corolla is gamopetalous, regular, exceptionally — 
polypetalous or absent (Glaux, the sea milkwort). The 
stamens are 5 (or 4) in number, epipetalous and anti- 
petalous. The gyneceum is poly- 
carpellary (5 carpels), syncarpous, with 
a single style and a capitate stigma ; 


a ae Aes 
the ovary,is unilocular, superior ; the : 
ovules are numerous, anatropous or ( fo ON 

wee” 


amphitropous ; the placentation is free 
central. The fruit is a capsule, de- 
hiscing by 5 valves (hence we infer 
5 carpels), e.g. primrose ; or a pyxidium 
e.g. pimpernel. The seed is albu- 
minous, me ieee Dia 

Primula vulgaris is the primrose, 
with solitary flowers; P. veris the cowslip, with flowers in 
an umbel borne on a long, leafless scape arising from 
amongst the radical leaves. Both are dimorphic and 
heterostyled (p. 196). The length and narrowness of the 
tube of the hypocrateriform corolla render pollination by 
long-tongued insects (bees or butterflies) necessary. _ 

The antipetalous position of the stamens is explained by 
supposing that an outer whorl of stamens has disappeared. 
This receives support from the fact that staminodes 
alternating with the petals are occasionally met with. 

Sas 
Floral formula of the primrose : —Ix 6) Oo) Anis Go’ 
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§ 12. Labiate (fig. 150). 

Distingwishing characters :—Fiowers gamopetalous, hypoyy- 
nous, zygomorphic,; stamens didynamous and epipetalous : 
fruit a carcerulus. The square stems, opposite decussate leaves, 
inflorescence, and bilabiate ringent corolla are characteristic. 

This is an important order, consisting of herbs or under- 
shrubs with square stems and opposite decussate, simple, 
exstipulate leaves. Most of them are land plants; a few 
are marsh-plants. Suckers are found in many forms 
(fig. 42). In most of them there are numerous epidermal 
glands secreting volatile oil. 

The characteristic inflorescence is the  verticillaster 
(p. 190). The flowers are pentamerous, with suppression 
of certain parts, and hermaphrodite. The calyx is gamo- 
sepalous, tubular or bilabiate, persistent. The corolla is 
zygomorphic, bilabiate ringent, imbri- 
cate in the bud. The stamens, owing 
to the suppression of a fifth (the 
posterior one), are four in number, 
epipetalous and didynamous. The 
gyneceum is bicarpellary and syn- 
carpous. Early in its development a 
median constriction appears in the 
ovary and produces two false septa. 
ee The style is gynobasic, i.e. it arises 

Boe roraL Dia- from the base and comes up from 
between the four parts of the ovary ; 

there is a bifid stigma. The ovary is quadrilocular (two 
true and two false septa) with one erect anatropous ovule 
in each loculus. The placentation is axile. The fruit is a 
carcerulus (p. 211). The seed is exalbuminous (or nearly so). 

Well-known examples are the dead-nettles (Lamiwm), the 
sage (Salvia), the thyme, lavender, rosemary, the mints 
(Mentha), the balm and horehound, the ground-ivy, ete. 

There is a honey disc at the base of the ovary. Most of 
the flowers are protandrous ; but this is scarcely at all the 
case in the dead-nettles, The insects (mostly bees, in the 
case of British species) alight on the lower lip of the 
corolla; the upper lip protects the essential organs. When 
the stigmas are fully developed, they protrude beyond the 
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stamens, so that they are touched first. There is a 
remarkable mechanism in Salvia, the sage, There are only 
two stamens. In each stamen there is a very long connec- 
tive separating the two anther lobes, of which one is fertile, 
the other barren. The connectives swing on the tops of 
the filaments. The barren lobes of the two stamens are in 
close contact, and when they are touched the fertile lobes 
are brought down on the insect’s body. 

Common formula:—K,, 0, A. G 

ip sth ay 4 CY 

§ 13. Scrophulariaces (fig, 117). 

Distinguishiny characters :—Flowers gamopetalous, hypogy.~ 
mous, more or less irregular and zygomorphic ; stamens 
usually 4, sometimes 2, rarely 5, epipetalous; fruit usually 
a bilocular capsule. 

The order is distinguished from Labiate chiefly by its 
fruit. Most of the plants belonging to it are herbs or 
under-shrubs, with alternate or opposite exstipulate leaves. 
The stems are cylindrical. The order includes a number of 
semi-parasites, e.g. the eye-bright (uphrasia), cow-wheat 
(Melampyrum), the yellow-rattle (Rhinanthus), lousewort 
(Pedicularis)—see p. 151. 

There are various forms of inflorescence. Racemes and 
spikes are common; but sometimes the lateral branches are 
cymose and we find racemes of cymes, Bracts and 
bracteoles are generally present. The flowers are typically 
pentamerous, but there are various modifications, due to 
suppression and fusion. 

We may first consider the common form (fig. 117, a) as 
found in the snapdragon (Antirrhinum). The calyx is 
gamosepalous, 5-lobed, persistent. The corolla is gamo- 
petalous, bilabiate and personate (fig. 99, @). The stamens 
are four in number, epipetalous and didynamous ; a posterior 
stamen has been suppressed. The gyneceum is bicar- 
pellary, syncarpous; the style single, the stigma entire or 
two-lobed. The ovary is bilocular, superior. ‘The anatropous 
ovules are numerous and borne on a large axile dumb-bell- 
shaped placenta, ‘The fruit is a capsule, dehiscing by pores 
or loculicidal. The seeds are numerous and albuminous. 
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The following modifications should be noticed. In 
Scrophularia and Pentstemon the posterior stamen 1s 
represented by a staminode, In the mullein (Verbascum) 
the flowers are nearly regular, and have five stamens, In 
Veronica (speedwell—fig. 117, B, c) the posterior sepal is 
suppressed and the two posterior petals are fused, so that 
there are four sepals and four petals; the corolla is rotate ; 
there are two stamens, the two anterior ones in addition to 
the posterior being suppressed ; the seeds are relatively few 
in number. In Calceolaria we find very much the same 
condition, but the corolla is inflated, bilabiate and globose, 
and is described as calceolate or slipper-shaped. In the 
toad-flax (Zinaria) the corolla is spurred; there are four 
stamens, In the foxglove (Digitalis) the corolla is described 
as glove-shaped (fig. 99, H). 

There is a honey-disc at the base of the ovary. The 
common type is pollinated by bees; those with open 
flowers, like speedwell and mullein, by bees and flies; 
Scrophularia by wasps. 


Floral f ] K A,G 
oral formule :—common type— (6) On) 4 Gey 
a ; 


Speedwell—K,, OA, Go 


va 
~ § 14. Composite (fig. 151). 

Distinguishing characters;—flowers gamopetalous, epigyn- 
ous; stamens 5, syngenesious, epipetaious ; pistil bicarpellary ; 
ovary unilocular with one basal ovule. The capitulate in- 
Jlorescence ts very characteristic, as also is the fruit. 

This is the largest and most widely distributed order of 
flowering plants, including over ten thousand species. The 
plants are nearly all herbaceous; only in certain parts of 
the globe is the order represented by shrubs. They 
present great variety in their vegetative organs, as would 
naturally be expected, considering they are found every- 
where and in all situations. Water-plants, climbing-plants, 
and epiphytes (p. 157) are not common in the order, There 
is usually a tap-root, often more or less thickened, e.g. 
dandelion. The leaves are usually radical, or alternate, 
less frequently opposite (sunflower), usually exstipulate. 


CLASSIFICATION—SYNOPSIS OF NATURAL ORDERS. 235 


Laticiferous vessels are found in some (eg. dandelion) and 
oil-ducts are common in the order. 

The inflorescence is with few exceptions a capitulum, 
containing numerous small flowers (florets) surrounded and 
protected by an involucre (fig. 126). The 
disc is usually flattened or convex. The 
flowers may be all alike (Dandelion) or 
may have different characters (Daisy) 
The youngest are in the centre. Small 


WAIN 
scaly bracts, called pale, are frequently \é uae 
ert) 

eT 


present between the flowers (e.g. 
Sunflower), and the capitulum is de- 
scribed as paleaceous. ‘The capitula 
may be arranged in racemes, panicles, Fig, 151.—Frorax 
spikes, etc. siaed ‘muliisein 

The flowers (fig. 99, a, D) are epigynous 
and usually pentamerous. ‘They may be actinomorphic or 
zygomorphic; hermaphrodite, unisexual, or neuter (p. 162). 
The arrangement of the flowers in the capitulum is described 
below. The calyx is absent, or represented by a ring of 
small teeth or a pappus borne on top of the ovary. The 
corolla may be tubular, ligulate, or (in some foreign 
Composites) labiate; it is valvate in estivation, The 
stamens are five in number, epipetalous and syngenesious. 
The pistil is bicarpellary, syncarpous ; the style is single 
and slender or filiform, the stigma bifid. The ovary 
(fig. 111) is inferior and unilocular; there is a single 
anatropous ovule with basilar placentation. The fruit 
(figs. 34, 139, a) is a cypsela; the seed exalbuminous. 

The British Composite are divided into two series or 
sub-orders :— 

(1) The Liguliflora, in which the flowers in a capitulum 
are all ligulate and hermaphrodite. All have laticiferous 
vessels. Examples: dandelion (Taraxacum officinale), lettuce 
(Lactuca sativa), chicory (Cichorium intybus), endive 
(Cichorium endivia), hawkweed (Iieraciwm), sow-thistle 
Sonchus). 

(2) The Z’ubuliflore, in which the flowers of the disc are 
‘not ligulate, and there is no latex. Amongst these there 
are two common arrangements: (a) the flowers are all 
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tubular and hermaphrodite, as in the thistles; (6) there are 
ray and disc florets—those of the disc tubular and herma- 
phrodite, those of the ray usually ligulate and pistillate 
e.g. Bellis perennis, the Daisy (gynomonoecious condition). 

The mechanism of pollination in Composite is interesting. 
The flowers are protandrous. The pollen grains are shed 
into the tube of anthers. The style and stigma elongate 
through the anther-tube, and gradually brush out the pollen 
grains, which are carried away in large numbers by insects 
visiting the capitulum. The stigmas do not unfold till they 
have grown out of the anther-tube; and, as only the upper 
surface of the stigma is receptive, self-pollination is pre- 
vented. If cross-pollination does not take place, self- 
- pollination is effected, in most cases, by the stigmatic lobes 
bending back and reaching the pollen. There is a ring-like 
nectary at the base of the style; the tubular corolla protects 
the nectar and pollen, and allows the honey to be reached 
only by fairly long-tongued insects. In some flowers, where 
the corolla tube is short—e.g. milfoil—pollination is effected 
by small flies, The aggregation of flowers in a capitulum 
secures the pollination of a large number of flowers at each 
insect-visit. 

A few. interesting forms may be specially noticed. In 
the sunflower (Helianthus annuus), the ligulate ray-florets 
are neuter, so also the large tubular ray-florets in the corn- 
flower. In the groundsel (Senecio vulgaris), all the florets are 
tubular and hermaphrodite ; the flowers are rarely visited 
by insects, and are regularly self-pollinated. In Z'ussilago, 
the colt’s-foot, the capitulum has about forty central male 
flowers, surrounded by a large number of female flowers. 
The flowers appear in spring before the leaves. The male 
flowers have a style acting as a pollen brush, but no stigmas ; 
only the male flowers secrete honey. . 

The capitulum of the Composite is avery highly specialized 
inflorescence, showing considerable division of labour, The 
involucre discharges the same function for the aggregation 
of flowers which a calyx does for an individual flower. 
There is no necessity for a protective calyx; the calyx, . 
when present (as a pappus), has a new function in connexion 
with fruit dispersal, The aggregation of small flowers 
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serves to attract insects, As a rule, only someof the flowers 
(ray-florets) develop large corollas; this seems to be done 
at the expense of one or both sets of essential organs, hence 
the frequent occurrence of pistillate or neuter florets in 
the ray. The mechanism of pollination is simple and very 
effective, and is accompanied by an arrangement for 
ultimate self-pollination. There is so little chance of 
pollination failing to take place that there is no need for 
more than one ovule to be developed in each flower. From 
a study of the inflorescence it has been generally agreed 
that the Composite represent the highest development of 
Angiospermous Flowering Plants. There is no reason to 
wonder at the vast numbor of species and their wide dis- 
tribution. 

Common floral formula :—K, | te C6) A (5) Go: 
~ § 15. Salicaces (fig. 152). 

Distinguishing characters :—flowers in catkins, dicecious ; 
pertanth rudimentary or absent; stamens, 2-30; fruit, a 
capsule. ” 

This is the order of the willows (Salix) and poplars 
(Populus); it contains only the two genera. They are trees 
or small shrubs. Some of the willows are very small. 
There is abundant vegeta- 
tive reproduction by means _--- STIGMATA 
of suckers, The leaves j 
are alternate and stipulate. © 
In the willow the terminal >, / 
bud usually dies off, and 2 * 
the growth of the axis is 
continued by a lateral bud. 





iv = 
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The terminal bud persists NECTARIE™” DISC” 
in the poplar . The winter Fig. 152.—FLowrrs or SALix, 
bud of the willow is pro- (Male and Female.) 


tected by a single scale, 
that of the poplar by a number of scales. The habit of 
the trees is very varied. Salia bubylonica has pendulous 
branches; it is the weeping willow; Salia viminalis is 
the osier. Populus alba is the white poplar; P. nigra, the 
black poplar ; P. tremula, the aspen. 
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The inflorescences are unisexual catkins borne on different 
plants (diectous). The catkins make their appearance in 
autumn on short dwarf shoots; they develop early in the 
following spring. The flowers are borne in the axils of 
bracts. 

Willow. The bracts are entire. The male flower consists 
of two (rarely three) stamens, with a honey-dise at the 
base on the side next the axis (posterior). Occasionally the 
stamens are monadelphous. The female flower consists of a 
bicarpellary, syncarpous pistil, with cleft stigma. A honey- 
disc is present. The ovary is unilocular (superior), with 
two parietal placentas, and numerous anatropous ovules. 
The fruit is a loculicidal capsule. The seed is exalbuminous, 
and bears a tuft of hairs developed from the base (hairy 
aril, p. 204), and serving for seed-dispersal. 

Poplar. The bracts are toothed. In both male and 
female flowers there is a rudimentary cup-shaped perianth. 
By some this is considered to be, not a perianth, but a 
honey-disc. In different species the stamens vary from 
four to thirty. The characters of the pistil, fruit and seed 
are the same as in the willow. 

The willow is entomophilous. As its honey-secreting 
flowers appear early, before other flowers appear, they 
attract many insects, especially bees. The flowers of the 
poplar secrete no honey, and are anemophilous. The greater 
number of stamens is correlated with this, 


B. MonocotyLepons. 


§ 16. Liliaces (fig. 120). 

Distinguishing characters :—Perianth usually. petaloid ; 
Jlowers hypogynous ; 6 stamens ; trilocular ovary. 

The plants are mostly herbs perennating by means of 
rhizomes, e.g. Solomon’s Seal (Polygonatwm, fig. 43), bulbs, 
e.g. lily, onion, and hyacinth (fig. 46), or corms, eg. the 
meadow saffron (Colchicum, fig. 45). A few are shrubs or 
trees, e.g. Dracena and Yucca, often snuv:ing secondary 
growth (p. 93). Some have vegetative reproduction by 
means of bulbils, e.g. Lilium bulbiferwm. Some are climb- 
ing plants, eg. Smilax (p. 124). Ruscus, the butcher's 
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broom, is a shrub with phylloclades (fig. 50), bearing 
unisexual flowers. Many species are xerophytic (e.g. Aloe). 

The inflorescence may be racemose, or cymose. The 
umbellate heads found in many, eg. onion and Agapanthus, 
are cymose. In the tulip there is a solitary terminal 
flower. The flowers are actinomorphic, usually herma- 
phrodite, hypogynous, The perianth consists typically 
of six parts in two whorls, and may be polyphyllous or 
gamophyllous. There are six stamens in two whorls, 
hypogynous or epiphyllous, with usually introrse anthers. 
The pistil is tricarpellary, syncarpous ; the ovary trilocular, 
superior ; the ovules indefinite, anatropous ; the placentation 
axile. The fruit is usually a loculicidal or septicidal capsule, 
occasionally a berry (eg. Asparagus officinalis, the 
asparagns, and Convallaria majalis, the lily of the valley). 
The seed (fig. 137) is albuminous. 

Pollination. ‘The flowers are entomophilous. Honey is 
secreted by nectaries situated in the wall of the ovary 
between the carpels (e.g. Scilla nutans, the bluebell or wild 
hyacinth) or at the bases of the perianth leaves (e.g. 
Lilium). 


Common formula :—K m Me A,, ; Gay 


oP eg Asis Gey 


§ 17. Orchidacez (figs. 153—155). 

Dist.nguishing characters :—Perianth petuloid, zygo- 
morphic ; flowers epigynous, gynandrous ; stamens reduced in 

number ; ovary unilocular. 
_ This is a very large and interesting order, comprising 
only herbs perennating by means of rhizomes, tubers 
(fig. 46), etc. They are of very diverse habit, in- 
cluding land plants, epiphytes (p. 157), saprophytes, 
etc. Many of the land and epiphytic forms are adapted 
to xerophytic conditions (p. 157), storing up water and 
reserves either in thickened internodes called pseudo-bulbs 
or in fleshy leaves. The epiphytic orchids which abound 
in the tropics are exp cially interesting. The epiphytic 
adaptation is shown in many ways. They support them- 
selves by means of clinging adventitious roots (cf. ivy) 


240 BOTANY. 


on which are developed absorbing roots which penetrate 
into the humus which collects between the clinging roots 
and the support. Then finally there are the aerial roots, 
each of which has at its apex a sheath of tracheides (the 
velamen), serving to collect water which trickles down the 
roots. The production of abundant small seeds easily 
carried by the wind is also an adaptation to epiphytic 
conditions, 

The inflorescence is racemose, most frequently a spike. 
The flowers (figs. 153, 154) may be compared with the 
typical monocotyledonous form, the many striking differ- 
ences met with being due to suppression, adhesion, and 
hypertrophy of certain parts. 
The perianth is _petaloid, 
zygomorphic, and consists of 
six segments in two whorls. 
The posterior segment (petal) 
of the inner whorl is always 
more strongly developed than 
the others; it forms the 
labellum. Owing to the twist- 
ing of the inferior ovary, 
the labellum comes to be 
anterior (the resupinate con- 
dition), and serves as the 
landing stage for the insect. 
The labellum is sometimes 

Fig 158.—FLower qr ORCHIS. spurred. The andrecium 

usually consists of one stamen 
and two staminodes, but in some forms there are two 
stamens and one staminode, ‘The stamens are fused with 
a prolongation of the axis of the flower called the 
gynostemium (the gynandrous condition, p. 173), which 
also bears the three stigmas on its apex. In the majority 
of Orchidacee the pollen grains are united into pollinia. 
The pistil is tricarpellary and syncarpous; the ovary 
inferior and unilocular. The ovules do not develop till 
after pollination ; they are anatropous, and borne on three 
parietal placentas. The frait is a capsule containing an 
enormous number of very small, light seeds. The seed 
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is exalbuminous, and its embryo is not differentiated into 
plumule, radicle, and cotyledon. 

There are two divisions of Orchidacew,—the Monandra, 
e.g. Orchis, in which there is one fertile stamen (fig. 155, B), 
and the Diandrer, e.g. Cypri- 

_pedium, in which there are Ha we ae 







two (fig. 155, a). The leis som, 
former is by far the larger ~~~-POLLINIUM 
division. We will describe _-----CAUDICLE 
Orchis and Cypripedium as ~~" STAMINODE 
types of these : ~>- GLANDULA 

Orchis, eg. O. mascula, “#-.. ROSTELLUM 
the purple orchis, and sare 
O. maculata, the spotted 5 - alae 

. * ; Nig, 154.—CrentraL Part or FLOWER 

orchis. The single fertile or ORCUIS. 


stamen is the anterior one Periauth segments removed. 

of the outer whorl ; the two 

staminodes are the anterior ones of the inner whorl. 
Pollinia are present. One of the stigmatic surfaces is 
incapable of being pollinated, and develops into a projecting 
structure called the rostellum. The pollen grains are held 
together by delicate threads which run together at the 
base of the anther lobe to form a mucil aginous cord called 
the caudicle, which is attached below to a sticky substance 
called i glandula Bg 104, c). The two functional 
stigmatic surfaces are 
below the rostellum, 


the two anther lobes 
above it, one on each 
side; the two caudicles 
lie in a little pouch 
one on each side of 


CIE 
the rostellum. These 


seer et various structures are 

Fig. 155.—FiLorat DiAGRAMS OF ORCHIDACEA, borne on the By TO” 
A, Cypripedium; B, Orchis. stemium. 

Cypripedium The 

stamens are the anterior ones of the inner whorl, 2.¢. those 

represented by staminodes in Orchis. The staminode is 

the anterior one of the outer whorl, ze. the fertile one 


16 
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in Orchis. There is no rostellum. The three stigmata 
are fused in one. The pollen grains are not aggregated 
into pollinia, but are sticky. 

Pollination. The flowers are entomophilous. No honey 
is secreted ; the insects have to pierce the tissues to get it 
The contrivances in Orchidacee are innumerable, in many 
cases extraordinary. We may consider the native orchids 
as an example. ‘The insect alights on the labellum, and 
seeks in the spur of the labellum for the honey. The. back 
of the insect comes in contact with the rostellum, and 
pushes aside the pouch containing the caudicles, which 
thereupon become fixed. While the insect is piercing the 
spur, the mucilaginous substance (glandula) of the caudicle 
“sets,” and when the insect leaves the flower the pollinia 
are dragged out. At first they stand erect on the back 
of the insect, but very gradually they are lowered, owing 
to hygroscopic properties which their stalks possess, so 
that when the insect enters another flower they touch 
the stigmas. : 

Floral formule:— Orchis, K, O, A, eo G5 


Cypripedium, K, C, A Ge 


- 2+t1 ~@y 
“ §18. Graminee (figs. 156—158). 

Distinguishing characters: — Perianth scaly or absent ; 
Jlowers hypogynous, enclosed in scaly bract and bracteole ; 
pistil monocarpellary; fruit a caryopsis: the leaves are 
ligulate, and the leaf-sheath is split. 

This is a very large and easily recognized order, including 
the familiar cereals and grasses generally. Nearly all the 
plants are herbaceous. with hollow internodes and jointed 
nodes. The maize (Zea), and a few others have solid inter- 
nodes, and the bamboos often grow to a great height. The 
leaves are alternate, and are usually arranged in two oppo- 
site series or orthbostichies (distichous arrangement—di- 
vergence 3). The leaves have no petiole, but long sheaths 
which are split on the side opposite the lamina (fig. 74, 8). 
The lamina is linear, and bears a ligule at the base. Many 
are annual; on the other hand, many are perennial and 


* += staminode, 
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either have a rhizome or develop a tufted habit by copious 
branching at the base. 

The inflorescence is more or less complex. The flowers 
are arranged in spikelets, but the spikelets are grouped 
together in various ways to form compound inflorescences. 
In the wheat (Zriticwm) and perennial rye-grass (Lolium 
perenne) the spikelets are arranged on a main axis forming 
a compound spike. In many other species the spikelets 
are borne on numerous branches given off from the main 
axis; in these forms the inflorescence is a panicle of 
spikelets which may 
be loose, eg. the oat 
(Avena sativa), or 
close and cylindrical, 
owing to the short- 
ness of the branches, 

e.g. the fox-tail grass 
(Alopecurus) and 
Timothy-grass 






__-LOWER PALEAE 


_- UPPER PALEA 


Aas STAMEN 


(Phleuwm pratense). we SS on VED 

The spikelct A~£S3\ Va) LOWER 
(fig. 156) consists of © j~<. <a K PALEA 
a slender axis bear- | oe 
ing a number of ie 
scales in two rows. ‘  GLUMES. 
The two basal scales, Fig. 156.—Typrcan Spikuier or A Grass. 


one on each side, are 

barren, i.e. have no flowers; they are called the glumes. 
The other scales are bracts with flowers in their axils ; 
they are called the lower or outer palee or flowering 
glumes, ‘I'he lower pale sometimes bears a long process 
called the arista or awn. ‘The number of flowers in a 
spikelet varies; there may be only one perfect flower ; some- 
times one or more of the flowers are rudimentary, e.g. the 
oat. ‘he axis of the flower bears a scaly bracteole called 
the upper or inner palea; it is opposite the bract. The 
flower (fig. 157) lies between the upper and lower palex. It 
has usually three hypogynous stamens corresponding to the 
outer whorl of the typical monocotyledonous flower ; some- 
times only two. ‘The stamens have long slender filaments, 
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and the anthers are versatile and extrorse, The gyneceum is 
monocarpellary, and usually bears two feathery stigmas. 
‘The presence of two stigmas gave rise to the view that the 
pistil is bicarpellary, 
but the stigmas in 
Graminee are a de- 
velopment of the 
carpellary margins, 
not of the apex. 
The monocarpellary 
condition is clearly 
shown by the pre- 
sence of a fold on 
the posterior side of 
the ovary. The 
Fig. 157,—TypicaL FLOWER or A Grass. een is_unilocular 
Lower palea removed. and superior, and 

contains one erect 

anatropous ovule. The fruit is a caryopsis (figs. 37, 139, c). 
The seed is albuminous. At the base of the ovary on the 
anterior side (next the bract) are two little scales called 
lodicules. ‘These together may represent another bracteole. 
Some consider that they represent two parts of a perianth 
(petals) otherwise completely sup- 
pressed (fig. 158). \ Ce 
Pollination. The flowers are 
anemophilous and commonly proto- 
gynous. At the time of flowering 
the lodicules swell up and force the 
bract and bracteole apart. The fila- 
ments of the stamens elongate and 
the anthers hang out. The pollen 
grains blown about by the wind 
are caught by the feathery stigmas. 








2S ; Z Vv 
Familiar grasses are :—iaize BRACT 

(Zea mais), in which @ flowers Fig, 158.—Froran Diacram oF 

wre borne in a loose apical panicle Se 


Cf. with figs. 120, 155. 
and @? flowers on a stout lateral : . 


fleshy spike (spadix) sheathed in leaves, oat (Avena sativa), 
barley (Hordeum), wheat (Zriticum), perennial rye-grass 


CLASSIFICATION—-SYNOPSIS OF NATURAL ORDERS. 245 


(Lolium perenne), vernal-grass (Anthoxanthum odoratum), 
meadow-grass (Poa), brome-grass (Bromus), honey-grass 
(Holcus), ete. 


Floral formula cp aiae. Ree so G, or if the lodicules be 


considered as representing perianth, K, ©, es ne G. 


— 


Questions on the Angiosperm. 
(Many of these were set at London University Examinations.) 


1. Give an account of the external conditions re- 
quisite for the ge mination of a seed and the growth of the 
embryo, and explain how these conditions operate. 

2. What is a sieve-tube? What is its structure? What 
is its position in a Dicotyledon? What is its probable 
function ? 

3. Describe the structure and development of an ordinary 
foliage-leaf of any Phanerogam, and point out how it is 
suited to its functions. 

4. What is cell-sap? Where does it occur and what does 
it contain? What purpose does it serve in the cconomy of 
the plant ? , 

5). Give a diagram of a longitudinal median section 
through the growing-point of any root continued back- 
ward to the tissues which have assumed their permanent 
character. Also diagraims of transverse sections showing :— 

(1) The mode of first occurrence of the vascular 
elements. 

(2) The origin of lateral roots. 

Give explanatory references in each case, 

6. What are cambial tissues? Where, and under what 
conditions, and whether as transitory or permanent, do 
such appear in (1) a Dicotyledon and (2) a Monocotyledon ? 

7. What are the reserves available for new growths in 
plants before they are in a position to abyorb and elaborate 
food independently of such reserves? In what organs and 
under what forms do they occur ? 
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8. Give a concise summary of the various contrivances 
favouring the cross-fertilization of flowers. 


9, What is meant by transpiration? Describe simple 
experiments by which its occurrence and nature may be 
demonstrated. 


10. Enumerate the principal morphological types of leaf, 
and their respective functions in the plant economy. 


11. Describe the appearance and structure of a typical 
stoma, What is its position? What is its function ! 
How does it act? 


12. What is a stele? Describe the tissues of the stele of 
a typical dicotyledonous stem. 


13. What is meant by carbon-assimilation in plants? 
What conditions are necessary for the process to go on? 
What interchange of gases takes place between the plant 
and the atmosphere during the process? What is the 
first vistble product? Where does it appear? 

14. Describe the structure of a vascular bundle. How 
do vascular bundles originate ? 


15. Draw a series of diagrams representing successive 
stages in the development of a dicotyledonous embryo from 
its origin. Name the corresponding parts in the several 
diagrams, . 

16. How are new cells formed? Describe the phenomena 
observed in ordinary cell-division, 

17, What is growth? What are the conditions necessary 
for growth? Give an account of the properties exhibited 
by growing-points. 

18, What is a fruit? Give a description of the fruits of 
apple, strawberry, orange, fig. 

19. What is “ secondary growth”? Describe the process 
of secondary growth in a typical dicotyledonous stem, 

20. What do you understand by the respiration of 
plants? How would you demonstrate it? 


21. Explain clearly the biological significance of :—-(a) 
brightly coloured, (6) irregular, (c) regular, and (d) in- 
conspicuous flowers. 
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22. Give a general account of the structure, origin, 
occurrence and functions of plastids, 

23. What is heliotropism? How would you account for 
the phenomena presented? Give examples to indicate the 
biological significance of heliotropism. 

24. Describe various ways in which seeds may be dispersed. 

25. Draw up a table, indicating characteristic differences 
between typical Monocotyledons and Dicotyledons, under 
the following heads :— 

(a) seed, (b) root, (¢) stem, (d) leaf, (e) flower. 

26. How does the nutrition of an animal differ from 
that of a green plant, in respect of (1) the substances 
assimilated, (2) the mode in which they are assimilated ? 

27. Describe in general terms the mode in which the manu- 
facture of albuminoids is effected by the plant. From what 
sources and in what form do plants obtain their nitrogen ? 

28. Describe in detail the structure of a typical ovule 
just before fertilization takes place, 

29. Give a short account of the characters of the Hower, 
fruit, and seed of the Umbellifere. 

30. Give an account of the process of root-absorption. 
By what means are roots enabled to absorb substances 
which are insoluble in water? Hnumerate the chemical 
elements, contained in the substances absorbed, which are 
essential to the nutrition of green plants. 

31. Describe various methods in which plants may  re- 
produce themselves vegetatively. 

32. Give an account of the structure, position and 
function of nectaries. 

33. What is root-pressure ? How would you demonstrate 
and measure it ? 

34. Give an account of the way in which the processes of 
metabolism in plants lead to the storage of starch in their 
seeds, 

35. What is an inflorescence? Describe the character- 
istic inflorescences of Composite and Umbelliferse. 


PART II,—VASCULAR CRYPTOGAMS 
AND FLOWERING PLANTS. 


‘CHAPTER XIV. 
STRUCTURE AND LIFE-HISTORY OF THE FERN. 


§ 1. General Characters. ‘The Ferns are by far the most 
important group of the Vascular Cryptogams. They are 
for the most part shade- and moisture-loving plants,* and 
grow abundantly in woods, hedges, and on hill-sides. The 
fern-plant shows a well-marked differentiation into root, 
stem, and leaf. The stem has various forms—-.g. in the 
Tree-fern it is aerial, erect, and unbranched; but in most 
cases it is a rhizome, growing either horizontally or obli- 
quely upwards through the soil. The roots are fibrous 
and adventitious, being developed from the surface of the 
rhizome or from the leaf-bases. The leaves are always 
large and highly developeds The lamina is sometimes entire 
(e.g. the Hart’s-tongue Fern), but is usually much divided 
or branched. To illustrate the structure and life-history of 
the group, we shall consider more especially Aspidiwm 
Jfilix-mas, the Male Shield Fern. Frequent reference, how- 
ever, will be made to Pteris aquilina, the common bracken. 


§ 2. Rhizome, Leaf, and Root. ‘The rhizome in Aspi- 
dium (fig. 159) is almost erect, its apex just reaching the 
surface. It is a stout structure, and its surface is covered 
with the numerous withered bases of what were formerly 
foliage leaves. There is usually no lateral branching, but 
adyentitious buds are developed on the bases of the leaves, 
and these may separate to form new plants. Lateral 


* A few ferns are xerophilous, i.¢c. they prefer dry exposed situations. 
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ea occurs in many ferns, but it is rarely axillary. 
- - an ae grows in front, it gradually decays and dies 
this way the 
adventitious 
buds or the 
lateral bran- 
ches become 
separated, 
and form 
independent 
rhizomes 
(vegetative 
reproduc- 
tion). 

The leaf ast 
or frond,* ROOTS 
is large, 





LEAF-STELES 
SCLERENCHYMA 








Hig. 159. Ruizomn or AsPrpium, 
A, Upper part, from which the older leaves haye been cut off 


compound, at the base and most of the roots removed; B, diagram- 
and much matic transverse section. 
branched. 


The dark coloured base of the petiole is continued upwards 
as the rachis, which bears the green, flattened pinneo and 
pinnules. <A rosctte of leaves unfolds each year, but each 
leaf takes two years to develop. Practically only the petiole 
is formed during the first year of its growth. All the 
young leaves and the bases of the old leaves are covered 
with numerous brown ramenta (p. 52), which are charac- 
teristic of ferns in general. ‘lhe ptyxis of the leaf is 
circinate (p. 123); this also is characteristic; each leaf is 
rolled on itself like a crosier from the apex to the base. 
The venation is described as fureate or divergent. One 
main vein enters each pinnule and gives off branches, which 
bifurcate and end near the margin without anastomosing. 

The fibrous adventitious roots are developed chiefly 
from the bases of the leaves. 

‘The dorsiventral rhizome in the bracken is an clongated straggling 


structure which grows horizontally through the soil and branches at 
intervals. ‘The branching is really lateral, but simulates dichotomy. 


*'The name applied to the large Icaves of ferns. 
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As in Aspidium, adventitious buds are developed at the bases of the 
petioles. Only one leaf is unfolded each year on each branch of the 
rhizome. It unfolds in tho spring of the third year after beginning 
its development. The leaves are separated by long internodes. ‘The 
rachis is branched. In some ferns adventitious buds are developed on 
the upper surface of the lamina. ‘They may separate, strike root and 
form new plants. 


§ 3. Structure of the Rhizome. The rhizome of Aspid- 
ium and of most ferns is polystelic (p. 83). Instead of 
having a single stele, as is the case in the stems of most 

, Flowering Plants, it has a number of 

FOLIAR GAP steles, which can be traced upwards 

“ to the apex, where they arise from a 
number of plerome strands. Fig. 
159, B; represents a transverse section 
of the rhizome. It shows a series of 
steles arranged in aring. The ground 
tissue is chiefly parenchymatous, but 
there is a hypodermal band of scleren- 
chyma. In the ground tissue outside 
the ring of steles there are a number of 
small steles passing out to the leaves. 
Thecentral ground tissue being extra- 
stelarshould not be called the pith (see 
definition of pith, p. 81). Fig. 160 
3 : shows a portion of the vascular 
LEAF-STELES system isolated. ‘The steles fuse at 
Fig. 160.—Paxe or rue intervals and form a cylindrical net- 
Vascunan System oF * cs 
Aspintum Dissxormp our, Work surrounding the central ground 
tissue. ‘lhe meshes of the network 
correspond to the insertion of the close-set leaves, and are 
therefore called the foliar gaps. The steles passing out to 
the leaves are given off as branches from the edges of the 
foliar gaps. There is no secondary growth. 


§ 4. Structure of the Stele. Fig. 161 shows the structure 
of the stele. The outline as seen in transverse section is 
more or less oval or elliptical. In the middle is a mass of 
wood or xylem consisting chiefly of long slender scalariform 
tracheides (fig. 162) and small-celled xylem parenchyma 
(conjunctive parenchyma) containing starch. Tho stele, 
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according to its size, may have one, two, or three small 
protoxylem groups. ‘These consist of small spiral 


OUTER 
“  ENDODERMIS 
_ INNER 
ENDODERMIS 






$ 


att 


~- PERICYCLE 
%~ PROTOPHLOEM 
/F}~- SIEVE TUBES 


PROTOXYLEM 
Fig. 161.—Srrtr or Aspipium, 
Transverse scction. 


tracheides. Frequently one is found at each end of the 
xylem. ‘he xylem is surrounded by the phloem. This 
consists of a layer of sieve- 
tubes with associated phloem 
parenchyma (conjunctive paren- 


we ee 
ae 
Ay 
\ 
ey, 
ie 
ae 


mane 
iw \ 


chyma), and, outside this, a 4 SK 
narrow irregular layer of small “M GOES 

= : A) Pee 
fibrous cells, the protophloem. “DS 


In longitudinal sections the 
sieve-tubes are seen to consist 
of narrow elongated pointed 
cells with albuminous contents. Fig. 162.—Scatarironm Tracueiprs 
Th : t b tain n or Frrns. 
me 6sieve-tubes § conta. O A, B, Small portions of tracheide 
starch: numerous sieve-plates are in surface-view ‘i O, portion of 
; : 1 1 the wall in longitudinal section ; 
present on their lateral walls = torus of bordered pit. 
only; there are no companion 
cells. These points are characteristic of ferns. Outside 


the protophloem are the pericycle and bundle-sheath. 
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Typically each of these consists of a single layer (fig. 164); 
but in Aspidium and other ferns, the bundle-sheath 
is double round the greater part of the stele. The cells 
of the pericycle and inner layer of the bundle-sheath 
contain starch and are called the phloem-sheath. ‘The outer 
layer of the bundle-sheath consists of thickened cells and 
presents the characters typical of an endodermis. Where 
the bundle-sheath is a single layer the pericycle constitutes 
the phloem-sheath. It will be noticed that there is very 
little intra-stelar or conjunctive ground-tissue; it consists 
of the xylem-parenchyma, phloem-parenchyma, and peri- 
cycle. The bundle-sheath, of course, belongs to the sur- 
rounding extra-stelar tissue. 


§ 5. Monostely and Polystely. It has already been ex- 
plained (p. 83) that such simple steles were formerly re- 
garded (and are still spoken of) as ‘‘cauline concentric” 
bundles. With regard to the monostelic condition in most 
Flowering Plants, and the polystelic condition in most ferns, 
it may be said that in Flowering Plants the necessary 

‘amount of vascular tissue 

PARENCHYMA is secured by the enormous 
development of a single 
stele, while in most ferns 
it is secured by the branch- 
ing of steles. In this con- 
nexion it should be noticed 
that the stem of the very 
young fern is monostelic; 
in some ferns the monostelic 
condition persists, but in the 





LAS: a great majority the original 
PeSCLERENC HENS concentric stele branches as 
PERIPH. SCLERENCHYMA thestem growsinsize. There 

Fig. 163.—Rn1zomr or Prenis. are, therefore, many steles, 


Diagrammatic transverse section.) | but each is small, and shows 
little or no expansion. In 

each the development of vascular tissue and intra-stelar 
ground-tissue is slight. We can recognize the number of 
bundles in each stele by the number of protoxylem groups. 


a 
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§ 6. In the bracken fern (figs. 163, 164) there are two series of steles, 
between which lie two stout bands of sclerenchyma. ‘lhe outer 
steles are more numerous, but smaller. ‘Che hypodermal sclerenchyma 
does not form a continuous band}; it is interrupted on each side of the 
rhizome, and at these points the parenchymatous ground tissue reaches 
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Fig. 164.—8 TELE oF 1NFE RH1z0ME or Prrris 
(Transverse section: From Green—altered). 
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the epidermis. It isin this way that provision is made for the trans- 
ference of oxygen to themore deeply situated tissues. A regular cylin- 
drical network of steles is usually not found in ferns with dorsiventral 
rhizomes (bracken, etc.). The leaves are few in number, and the 
foliar gaps are very much clongated. Thus tho stelos form long, 
irregular strands, which fuse only at considerable intervals. In the 
bracken the pitted ends of the large wide tracheides are perforated so 
that they communicate with each other. For this reason the wood- 
elements are called vessels. This is exceptional amongst Vascular 


Cryptogams. 


§ 7. Structure of the Root. The root of ferns is mono- 
stelic, and the stcleis diarch, The pericycle and endodermis 
are single layers of thin-walled cells. In the older parts 
of the root the cortical tissue immediately outside the 
endodermis is usually strongly lignified, and forms a stout 
strengthening sheath. The outer cortical tissue is paren- 
chymatous. The outermost layer is the piliferous layer, 
or epiblema. ‘There is no secondary growth. 


254 BOTANY. 


§ 8. Development of Roots. Here an important differ- 
ence has to be noticed as compared with the development 
of the roots of Flowering Plants. Lateral branch-roots, 
while they are endogenous in origin, are not developed from 
the pericycle, but from the endodermis. They arise oppo- 
site the protoxylem. ‘These root-producing cells of the 
endodermis are called rhizogenic cells. In the same way 
the adventitious roots developed from the rhizome or 
petiole take their origin in rhizogenic cells of the endo- 
dermis investing a stele. 


§ 9. Apex of Rhizome and Root (fig. 165). At the apex 
of the rhizome there is, as in Flowering Plants, a mass of 
meristematic tissue. An important difference, however, 
must be noticed. In the Fern there is at the extreme apex 
one very large distinct cell from which all the tissues are 
produced. ‘Thisis the apical cell. There is no such single 
cell in Flowering Plants. In the rhizomes of most ferns 
(e.g. Aspidium), this cell is bounded by four walls—three . 
flat walls 
meeting in 
a point be- 
low, and a 
curved wall 
closing in 
the cell on 
top. The 
cell, there- 
fore, is te- 
trahedral in 
form, its 

Fig. 165.—Arrx or RH1zoME AND Roor or Fern. open being 

A, Rhizome; B, Root. (Diagrammatic longitudinal section.) directed in- 
wards. Seg- 

ments are cut off, im succession, parallel to the flat walls. 
After the formation of each segment, the apical cell 
increases to its original size. The segments are indicated 
in the figure. There are no segments cut off parallel to 
the curved wall in the rhizome. In ferns with distinctly 
dorsiventral rhizomes (e.g. bracken), there is a two-sided 


_-- APICAL CELL. 
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instead of a three-sided apical cell, and there aro, therefore, 
only two instead of three series of segments. 

The segments cut off undergo division, and thus the 
tissues of the rhizome are produced. ‘The first division is 
into inner and outer halves (fig. 165, a). All the plerome 
strands make their appearance in the tissue formed from 

the inner halves of the segments just behind the extreme 

apex. As already explained, they differentiate into the 
steles. The rest of the tissue gives rise to extra-stelar 
ground tissue. The layer immediately surrounding cach 
plerome strand forms an endodcrmis. It is evident that 
there is no distinct dermatogen laycr; the outormost layer 
of tissue is specialized to form the protective external 
covering, the ‘‘ epidermis” of the rhizomo, 

In the root, also, there is a single apical cell. It lies just 
behind the root-cap. In all cases it is threc-sided. The 
segments cut off parallel to the flat walls divide in the 
same way as in the rhizome; but the inner halves of the 
segments constitute a single plerome, differentiating into a 
single stele. The outer halves may be called the periblem. 
Segments are also cut off parallel to the curved wall, and 
give rise to the tissue of the root-cap. These segments 
represent the dermatogen, and the root-cap is as usual to be 
regarded as a many-layered epidermis. The tissue of the 
root-cap does not persist behind the apex—hence, the 
piliferous layer is the outermost Jayer of cortical tissue. 
The endodermis represents the innermost layer of cortical 
tissue. 





§ 10. Structure and Development of the Leaf. ‘The leaf 
is developed from a single superficial cell of the growing 
point (exogenous). This cell persists at the apex of the 
leaf as a two-sided apical cell until an adult condition is 
reached. One or more branch-steles enter the petiole from 
the rhizome (several in Pteris and Aspidium, figs, 159 , 
160). ‘the steles branch out into the pinnew, but in the 
pinnules usually break up into schizosteles (p. 126). The 
mesophyll of the leaf-blade shows a differentiation into 

alisade and spongy layers, although not so distinctly as 
in the bifacial leaves of Flowering Plants. ‘lhe ordinary 
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epidermal cells have chloroplasts. Stomata are confined 
to the lower surface of the leaf. 


§ 11. Sporangia and 


Spores. Early in the summer a 


number of structures called sori appear on the under 
surface of the pinnules of the leaves. ‘These are at first of 
a light green colour, but when older they become dark 





Fig. 166.—Pinnvutr or Asri- 
DIuM Bearrne Soni. 


The indusium has been removed 
from one sorus, the indusium 
and sporangia from another. 


brown (fig. 166). They are de- 
veloped immediately over the 
veins. If a young sorus be care- 
fully removed and examined 
under the low power, it will be 
found to consist of a collection of 
very small stalked bodies called 
sporangia which are covered over 
and protected by a horse-shoe- 
shaped scale called the indusium. 
The sporangia and indusium are 
both developed on a little cushion 
of tissue, the placenta, formed 
immediately over a vein. The 
relative position of these various 
parts is clearly shown in fig. 167, 
which represents a transverse 


PALISADE MESOPHYLL. VEIN 








SPORANGIA 


lig. 167.—SPoRANGIA GF ASPIDIUM. 
Transverse section through a pinnule and sorus, 


section of a pinnule passing through a sorus. In some 
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ferns in which the sori are arranged as in Aspidium there 
is no indusium. A. sorus, therefore, may be described as a 
collection of sporangia developed on a placenta, either with 
or without an indusium. ‘The fully formed sporangium 
(fig. 168) is a small structure consisting of a tiny capsule 
borne on a slender multicellular stalk. annucus 
The stalk in Aspidium often bears alittle + CT 
glandular cell (fig. 167), the function of 
which is doubtful. ‘The capsule is bi- 
convex, and its wall consists of a single 
layer of cells. ‘The cells are small and 
thin-walled except round the edge of the 
capsule, where they are largo, specially 
thickened, and cuticularized. This 
specialized layer, which, however, is 
incomplete on one side, is called the 
annulus. Inside the capsule liesa loose ~~ 

5 . ; Fig. 168.—Sroranaium 
powdery substance which on examination ~4xp spore or Fur. 
is found to consist of extremely small re- 
productive bodies called spores. ‘Typically sixty-four of 
these are produced inside cach capsule. A sporangium, thero- 
fore it a reproductive organ vontaining spores. The spore, 
which is of a brown colour and irregular vr somewhat 
triangular in shape (fig. 168), is a single cell (unicellular) 
consisting ot proto- 





‘STOMIUM 





re < : “~) plasm and nucleus 
iio cae CP pS 208 
SRR Ie on invested hy a _ wall 
, “ INDUSIUM | which is differentiated 
\"s PARAPHYSES into two layers or 


8 ~- SPORANGIA : 
. PLACENTA 
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coats. The inner layer, 
called the endosporvum, 
is thin, and consists 





pes SORUS of cellulose; theouter, 
RS 9 called the exosporvum, 
Laer ; : : 

tre is thickened and cuti- 

A co cularized. 

Fig. 169.—SrukanGia OF Prenis. Pteris (fig. 169). The 

A, ‘lwo fertile pinnules; b. Transverse section sporangia and spores have 
pt amie. the sane structure and 


appearance as in Aspidium, except that no glandular cell is developed 
17 
Bot. 
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on the stalk of the sporangium. The sporangia, however, are differ- 
ently arranged. Instead of being grouped together in small sori, they 
are developed in a continuous series on a placenta running along the 
under margin of the pinnule. In other words, there is a continuous 
linear sorus. On the inner side of the placenta in the common bracken 
(not in all species of Pteris) there is borne a delicate membrane of a 
yellow colour, representing a true membranousindusium. ‘The margin 
of the pinnule also, by bending over, serves to protect the sporangia. 
and it is termed a false indusiwm. Between the sporangia are epidermal 
outgrowths (hairs) called paraphyses. 


§ 12. Development of the Sporangium (fig. 170). The 
sporangium is developed from a single epidermal cell of the 
placenta, and may therefore be regarded as a very highly 
specialized epidermal outgrowth. ‘lhecell in question grows 
out and forms a little protuberance, which is cut off by a 
wall. Itis then divided transversely into two cells (A). ‘The 
lower cell, by further longitudinal and transverse divisions, 
develops into the stalk. The upper cell produces the 
capsule. First of all 
(B) a series of outer 
cells is divided off 
from a large central 
tetrahedral cell by 
four walls resem- 
bling those bounding 
the apical cell of the 
rhizome, 7.e. three 
flat and one curved 
(only two of the 
flat walls can be 
shown inthe figure), 
Fig. 170 —DrvieLOPMENT OF THR SPORANGIUM OF oo ore age by 

Eat cou . further divisions at 

right angles to the 
surface, form the single-layered wall of the sporangium, 
The tetrahedral cell is called the archesporium. It under- 
goes division by walls formed parallel to the first set (c). 
The outer cells so cut off undergo further division, and 
are called tapetal cells. The remaining central cell is 
the archesporvum proper; by repeated cell-division it pro- 
duces, typically, sixteen spore-mother-cells (p). These 
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separate from each other, and, owing to the disorganization 
of the tapetal cells, float freely in a fluid filling the 
cavity enclosed by the sporangium wall. The nucleus of 
each mother-cell divides karyokinetically into two, and 
these two divide again, so that four nuclei are formed. 
Then cell-walls are laid down between the nuclei, and 
thus the mother-cell is divided into four cells, called 
the “‘special mother-cells,” in each of which a spore is 
formed by rejuvenescence (p. 39), The protoplasmic con- 
tents of each special mother-cell form a cell-wall which 
is differentiated into exosporium and endosporium. The 
walls of the special mother-cells are disorganized and the 
spores le free in the cavity of the sporangium. The 
developing spores are partly nourished by the fluid formed 
by the breaking down of the tapetal cells, and food-materials 
are conveyed to them through the stalk of the sporangium. 
During development some of the cells of the wall of the 
sporangium are specialized to form the annulus. The 
archesporium may be defined as the meristematic cell or 
cells (single cell in the Fern) which are found ina develop- 
ing sporangium and give rise to the spores. 


§ 13. The Sporophyll. A leaf bearing sporangia is 
called a sporophyll. In most ferns the sporophylls more 
or less resemble ordinary foliage leaves (Aspidium and 
Pteris). They are simply leaves which function both as 
vegetative and reproductive orgaus. In some ferns, how- 
ever, the sporophylls differ considerably from the foliage 
leaves, z.¢. they are more or less specialized (e.g. Osmunda 
regalis, the Royal Fern); but there 1s never a specialized 
reproductive shoot distinct from the ordinary vegetative 
one (see p. 7). 


§ 14. Germination of the Spore (fig. 171). When the 
sporangium is ripe, the cells of the annulus become dry, 
contract, and thus put a strain on the thin part of the edge 
of the capsule. The latter bursts open at this point, the 
stomium, and the spores are set free. If a spore falls in a 
suitable soil, it germinates. For germination a supply of 
oxygen and sufficient warmth and moisture are required, 
and when these cordlitions are fulfilled the exosporium is 
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ruptured, and the endosporium grows out into a short 
tube. From this, a colourless hair resembling a root-hair, 
and called a root-hair, arises, aud passes down into the 
soil. The tube (germ-tube) elongates, and forms at first 
a short filament divided into cells by a series of parallel 
transverse divisions (fig. 171, a). After that, divisions are 
formed in the other two planes, and a small green flat 


_.SPORE APICAL CELL 
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Fig, 171,--Guumination or Srore AND DeyELOPMENT ox PROTHALLUS OF FERN. 


plate of tissue is produced. This, in early stages, grows 
by means of a two-sided apical cell (B), but later by a 
group of meristematic cells. Owing to the more rapid 
growth of the marginal cells the plate eventually becomes 
more or less heart-shaped., The structure thus developed 
is called the prothallus or prothalliun(c), 


§ 15. The prothallus is a very small flat plate of tissue, 
measuring only one-fourth or one-third of an inch across. 
It consists of rounded parenchymatous cells, containing 
numerous chloroplasts. Towards the margin it consists of 
a single layer, but in the central region it is thickened, 
owing to the division of its cells parallel to the surface. 
This thickened region is called the cushion. Long, brown 
unicellular root-hairs (also called rhizoids) are developed 
from the cells of the under surface, and pass down into 
the soil. It will be recognized that the prothallus is an 
independent plant. By means of its chlorophyll it can 
assimilate the carbon dioxide of the atmosphere, and by 
the aid of its root-hairs it absorbs nutritive salts from the 
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soil It is a distinct self-sustaining plant, whose vegeta- 
tive body is a thallus (p. 6). Owing to its thinness gases 
ean penetrate to all parts with relative ease, and hence no 
stomata are developed upon it. 


§ 16, The Sexual Reproductive Organs (fig. 171, c) are 
produced on the wader surface of the prothallus—the 
antheridia, or male sexual organs, on the posterior region, 
the archegonia, or female sexual organs, on the cushion in 
the anterior region near the notch of the heart-shaped 
prothallus. The antheridia are developed first. The 
antheridium (lig. 172, ¢) is a spherical capsule, the wall of 
which consists of a single layer of cells containing chloro- 
plasts.* Inside are a number of small cells called sper- 
matocytes, or spermatozoid mother cells, cach of which gives 
rise to a male sexual cell, or gamete, the spermatozoid 
(or antherozoid). "The archegoniwn (fig. 173, £) is a flask- 
shaped organ, con- 
sisting of two parts; 
(a) a swollen basal 
portion, the venter, 
completely sunk in 
the tissue of the °” 
prothallus; (0) a 
more slender portion 
called the neck, pro- 
jecting freely from 
the surface. In the 
cavity of the venter 
lies a rounded nucle- 
ated mass of proto- 

: : Fig. 172.—Devenorneny OF ANTHERIDIUM 0P 

plasm, with nucleus Vee: 

and nucleolus. It 

has no cell-wall. This is the female sexual cell, or gamete, 
called the ovum, vosphere, or egg-cell. Its nucleus is some- 
times called the gerininal vesicle, its nucleolus the germinal 
spot. The neck consists of four longitudinal rows of cells 
surrounding a central canal, which is at first closed at the 
apex, and which leads down into the venter. The neck is 


* In some forms the antheridinm has a short unicellular stalk. 
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not straight, but bends so as to face towards the antheridia. 
At the junction of venter and neck canal there is another 
smaller nucleated protoplast, the ventral canal-cell, and 
the canal of the neck itself is filled with a protoplasmic mass 
containing several nuclei, and called the neck-canal-cell. 


§ 17. Development. The anthertdium (fig. 172) is de- 
veloped from a single cell of the prothallus. The cell grows 
out to form a papilla-like outgrowth, which is cut off by 

a cell-wall. 

NECK NECK CANAL CELL It increases 

fae eae in size, and 

. is divided by 

a series of 
‘divisions, 
which mark 
off a number 
of peripheral 
CANAL  cells,forming 
CELL thewall,from 
a central cell 

in which the 
E spermato- 
cytes are 
formed. The 
archegonium. 

also is de- 
veloped from 

fou a single cell 
Fig. 173.—DrEVELOPMENT OF ARCIIRGONTUM OF FERN, (fig.173,a-F), 
This cell 
divides into three. The basal cell (x) forms a portion of 
the tissue surrounding the base of the archegonium. Thu 
outermost cell (B) is divided by two walls at right angles 
(only one can be shown in the figure) into four cells. 
These undergo further transverse divisions to form the 
four longitudinal rows of the neck (c-r). The protoplasm 
of the central cell (zB) pushes its way between the neck- 
cells, and a small portion is cut off as the neck-canal-cell 
(c). The remainder of the protoplasm of the central cell 
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undergoes division to form the oosphere and the ventral 
canal-cell (kr). ‘The cavity of the venter of the archegonium 
is partly lined by prothallus cells. 


§ 18. Fertilization (see p. 40). When mature the anther- 
idium absorbs the water present as a film on the under 
surface of the prothallus, and ruptures (fig. 172, p). The 
spermatozoids are thus set free. Each is seen to be a 
spirally coiled filament of protoplasm. It has a slender 
tail and stouter head. The tail bears laterally a number 
of extremely fine protoplasmic v/bratile threads called cilia. 
The nucleus forms the greater part of the head, and it is 
developed from the nucleus of the spermatocyte. ‘lhe 
protoplasm of the mother-cell forms the ciliated tail 
together with a little vesicle, containing starch grains, 
which remains for some time attached to the head of the 
spermatozoid. The spermatozoids move about in the 
water by means of their cilia. Sooner or later they come 
into the neighbourhood of the archegonia, When the 
archegonium is ripe the two canal-cells are disorganized 
and give rise to a mucilaginous substance which oozes out 
of the neck of the archegonium (fig. 173, F). This sub- 
stance contains malic acid, which attracts the spermatozoids 
(chemiotaxis—see p. 198). They cluster round the neck 
of the archegonium, and, finally, one enters the canal and 
passes down to the venter. It penetrates the oosphere and 
its nucleus fuses with that of the ovum (cf. Angiosperm, 
p. 198). The fertilized oosphere forms a cell-wall and is 
then called the oosyore. Although the prothallus bears as 
arule both kinds of sexual organs, and is therefore her- 
maphrodite (p. 162), cross-fertilization generally takes 
place, the spermatozoids developed on one prothallus 
passing to the archegonia of another. This is necessary 
hecause antheridia and archegonia are not developed 
simultaneously on a prothallus (ef. dichogainy, p. 194). 
Sometimes, in badly nourished prothalli, only antheridia 


are developed. 


§ 19. Development of the Young Fern-Plant (figs. 174, 
175). The oospore begins to divide or segment, and this 
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process of segmentation leads finally to the development 
of anembryo. ‘The first division-wall is nearly parallel to 
the long axis of the archegonium. It is cailed the basal 
wall, and divides the oospore into anterior or epibasal and 
posterior or hypobasal halves. A second wall, the trans- 
verse or quadrant wall, at right angles to the basal wall, 
divides the oospore into upper (superior) and lower (inferior) 
halves. ‘The oospore now consists of four cells (quadrants). 
Then a median or octant wall at right angles to the first two 
divisions divides the oospore into right and left halves. 

The oospore now consists of 


SUPERIOR SUPERIOR eight cells or octants(fig.174). 
-EPIBASAL HYPOBASAL Of the two superior anterior 





‘ 
‘ 





octants one becomes the apical 


-initial cell of the primary 


stem, the other takes no 
special part in the orientation 
of the members. The two 
inferior anterior octants give 
rise to the first leaf or coty- 
_ledon. Of the two inferior 
hypobasal octants, one be- 
comes the apical cell of the 
primary root: it is diagonally 
opposite the cell which pro- 
duces the primary stem.\ The two superior hypobasal 
octants give rise to an embryonic organ called the foot. 






INFERIOR INFERIOR 
EPIBASAL HYPOBASAL 
Fig. 174.—SEGMENTATION OF THE 
OosPoRE OF FreRN,. 


The arrow points anteriorly. 


(Dia- 
grammatic.) 






Reet re a ae 
VASC. STRAND 
Fig. 175.—Emeryo or Fern arracnhep vo PROTHALLUR. 
(Longitudinal section.) 


“>. PR. ROOT 


This is a massive structure which absorbs nourishment 
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from the prothallus for the developing embryo, till the 
latter can assimilate food material for itself. Further cell- 
division, of course, takes place in the octants marking out 
the plerome of root and stem (the young stem is monostelie, 
§ 5). The primary stem and cotyledon break forth from 
the under surface of the prothallus, then bend upwards, 
make their way through the notch of the prothallus and 
come above ground, where they become ereen.* New 
leaves are developed, and graduaily the stem becomes the 
rhizome of the fern plant. The primary root is not per- 
sistent. At a very early period its place is taken by 
adventitious roots developed from the stem or rhizome (ef. 
Monocotyledons). As a rule only one embryo is formed 
on a prothallus, which then dies. In some ferns, however, 
the prothallus has a longer life, and may reproduce itself 
vegetatively by means of branches, or little outgrowths of 
meristematic tissue called gemmic. 


§ 20. Sporophyte and Gametophyte—Alternation of 
Generations. It will be noticed that in the life-history of 
the Fern there are really two plants to be considered. 
These are spoken of as the two stages or generations of the 
life-cycle. There is first the fern-plant, so called because it 
is by far the more conspicuous of the two. It is spoken of 
as the sporophyte or asexual generation, because it is the 
generation which bears the asexual reproductive organs, 
sporangia and spores. Then there is the prothallus, which 
is called the gametophyte} or sexual generation hecause it 
is the generation which bears the sexual reproductive 
organs and the sexual cells or gametes (the ovum and 
spermatozoid). Now it will be seen thata young sporophyte 
is not derived directly by a sexual process from the parent 
sporophyte, for a gametophyte generation is interposed 
between them. In the life-cycle there is an alternation of 
sporophyte and gametophyte. This is spoken of as the 
alternation of generations. The student must observe this 
phenomenon very carefully, as it is exhibited hy all the 


* The cotyledons of many ferns are able to turn green in darkness. 
ft 1t has also, Wnt less correcthy, heen termeil ‘ oophyte,”’ 
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higher plants (Mosses, Vascular Cryptogams, and Phanero- 
_ gams) in some form or other. We have explained it in 
connexion with the Fern because it is most clearly exhib- 
ited in the group of the Vascular Cryptogams, but it will 
be shown later (Chapter XVI.) that it is present also in 
a modified form in Flowering Plants. 


§. 21, The Reproductive Processes. In the life-history 
of the Fern we have an illustration of the various kinds of 
reproduction mentioned in the introductory pages (p. 15), 
viz.— vegetative, asexual, and sexual reproduction. It will 
be noticed that both sporophyte and gametophyte begin 
their development from a single cell, the young sporophyte 
from an oospore formed as the result of a sexual process 


VEG. ‘nba 
FERN PLANT 


(SPOROPHYTE) GaN 
| ee 


SPORANG. 
: OOSPHERE Aiseallenn 
SPORE ARCHEG. ANTHERID. 
: } 
Xe ay arin / 
(GAMETOPHYTE) 


Fig. 176—Lire-nistory oF Fern Gerarnicatty Rerresenrep, 


(fusion of gametes), the gametophyte from a spore formed 
asexually. This is characteristic of sporophyte and game- 
tophyte wherever there is alternation of generations, the 
reproductive bodies formed in the one generation giving rise 
to the other. In the life-cycle of the Fern, then, there is an 
alternation of generations, and asexual spore-reproduction 
forms an integral part of it. Vegetative reproduction is very 
clearly distinguished. It has no share in the alternation of 
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generations, and simply lengthens the life-cycle, either at 
the sporophyte stage or at the gametophyte stage, tz. 
either generation may directly and indefinitely reproduce 
itself by vegetative methods, without the intervention of 
the other generation. These points may be illustrated 
and the general life-history shown graphically in the form 
of a diagram (fig. 176), 


$22. Apogamy and Apospory. While the reproduction of sporo- 
phyte and gametophyte is usually effected as above described, there 
are in some ferns exceptional cases where either (a) the spore stage, 
or (4) the sexual process is, as it were, cut out of the life-cycle. ‘he 
former condition is called apospory; the latter apogamy. ‘hus in a 
few ferns the prothallus may arise vegetatively from the tissue of the 
sporophyll, instead of from a spore. 

Various grades of apospory exist: thus—(1) the formation of 
spores may be suppressed and the prothalli may develop directly from 
the young sporangia,—(2) prothalli may develop from the placentas 
in the place of sporangia,—(3) they may develop vegetatively from 
any portion of the frond, without any indications of the formation 
of sori, sporangia or spores being exhibited. 

In apogamy the young sporophyte may arise directly as a bud 
from the tissue of the prothallus without the intervention of sexual 
organs. This is vegetative apogamy (one species of Pteris, and one 
variety of Aspidium filix-mas). Or it may be developed from the 
wnfertilized oosphere. This phenomenon of the development of an 
embryo from an unfertilized egg-cell is called parthenogenesis, and 
we have here, therefore, a case of parthenogenetic apogamy. It will 
be noticed that these conditions tend to shorten the life-cycle, and 
to replace ordinary sporc-reproduction or sexual reproduction by a 
kind of vegetative reproduction. 

It has recently been found that the prothalli of a few cultivated 
ferns may actually produce normal sporangia containing fertile spores, 
and thus reproduce themselves by asexual means. ‘The spores on 
permination produce the usual prothalli, which may ultimately give 
rise to a sexually prodneed fern plant: By such means as these the 
asexnal generation may be suppressed for one or more life-cyeles, 
which latter muy subsequently resume their normal succession. 


CHAPTER XY. 
EQUISETUM AND SELAGINELLA. 


g i. Brrort proceeding to the cors‘deration of the Gym- 
nosperm 14 will be advisabie to Jay hefore the student 
some interesting points in connexion with the life-histories 
of two other types of the Vascular Cryptogams. These are 
Kquisetum, the horse-tail, and Selaginella. These types, 
more especially Selaginella, are in many respects inter- 
mediate between the Ferns sad Flowering Plants, and 
some acquaintance with thei life histories is absolutely 
necessary if we wish to trace clearly the morphologic«l and 
developmental resemblances, i.e. homologies, which exist 
between the Vascular Cryptogams and Flowering Plants. 


A. EaquisETum, 


§ 2. General Structure. The plant which we call the 
horse-tail is the sporophyte. It consists of a branching 
horizontal rhizome giving off aerial shoots and numerous 
adventitious roots. The leaves borne on the aerial shoots 
are small and scaly. They are arranged in whorls, and in 
each whorl are fused together to form a sheath, which 
invests the base of the internode above. Whorls of axillary 
branches may be produced at the nodes. At the apex 
of the aerial shoot the leaf-organs have a totally different 
appearance. They are free and have the form of stalked 
peltate dises (fig. 177), which are closely packed together in 
whorls, so that a cone-like mass is formed at the apex of 
the shoot, These peltate leaves are sporophylls. This 
specialization and aggregation of sporophylls should be 
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carefully noticed. The reproductive region 
of the shoot is quite distinct from the 
vegetative portion (see p. 7). Each sporo- 
phyll has on its under surface a group of 
sporangia containing spores. The sporan- 
gium is developed from a@ group of cells, not 
from a single cell as in the Fern. After 
the wall of the sporangium and the tapetal 
layers have been formed a single large 
archesporial cell remains, which divides to 
form spores. ‘The sporangiferous ‘“ spikes,”’ 
as the cone-like structures of Hguisctum are 
called, are borne cither at the apices of 
ordinary vegetative shoots, or, in somo 
species, on special fertile or reproductive 
shoots which resemble the others except 
that they are unbranched and contain little 
or no chlorophyll. 


§ 3. General Life-History. The spores 
are all of one kind, Mquisetum, like the Fern, 
being homosporous. When the spores tall 
tu the ground and germinate, however, they 
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student will remember we have an indication of the same 
thing occasionally in tho Fern (p. 263). It has become 
the rule in Equisetum. ‘The differentiation of sex has, as 
it were, been carried back from the sexual organs (anther- 
idia and archegonia) to the structures bearing these sexual 
organs, so that we may now speak of male and female pro- 
thalli. The prothalli are unisexual, and the gametophyte 
is represented by two plants. As arule the male prothalli are 
much smaller than the female ones. In other characters they 
resemble those of the Fern, as do also the sexual organs. 
Fertilization is effected and an embryo  sporophyte 
developed in much the same way. The life-history may 
be graphically represented as in fig. 178. 


B. SELAGINELLA. 


§ 4. General Characters (fig. 179). The plant is the 
sporophyte. The external vegetative characters vary con- 
siderably in the different species, which number over three 
hundred, and of which only one is a native of Britain— 
namely, S. spinosa (or selaginoides). Many species are 
small, moss-like plants, with creeping stems and dorsi- 
ventral symmetry. Others are larger, and more or less 
erect and isobilateral. In the single British species, while 
the main stem is creeping, the branches are erect and have 
radial symmetry. Some foreign species are climbing 
plants, often growing to a great height. 

The slender stem usually bears four rows of leaves—two 
rows of small dorsal leaves on the upper surface, two of 
larger ventral leaves atthe sides of the stem. The arrange- 
ment of the leaves seems to be opposite and decussate, one 
large and one small leaf apparently arising at each node. 
The leaves, however, are somewhat twisted, and close 
examination shows that each leaf arises from it own node, 
the dorsal leaf being slightly above the opposite ventral 
one. In the British species all the leaves are of the same 
size and the spiral arrangement is immediately obvious. 
In all the species a small membranous ligule is developed 
on the upper surface of the leaf at its base. 

The branches are developed from lateral buds which 
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become visible near to the apex of the stem, but since they 
develop almost as rapidly and as strongly as it does, the 
branching assumes a dichotomous appearance. The 
branching is not axillary, and the branches all lie in 
one plane. 

The roots in some species are developed adventitiously on 
the stem; in other species 


they are borne on peculiar tT oy 

specialized branches, called \X y 
rhizophores. ‘These organs V7 i eases 
are intermediate in struc- W/. Le 


ture and development be- 5 i ‘ 
tween roots and stems. ‘A / ) » has 
Like stems, they have no SO; V4 -- ‘SPORANGIUM 
rvot-cap, and are developed Ma /) TER 
exogenously; theyresemble © i /\) Yre 
the true roots in internal a WW SKA 
structure and in the fact sy Ug eek i, 
that they bear no leaves or LY FL RES einer 
reproductive organs. We \\) WN VV 

may infer, however, that os | 
they are specialized stem- Petes Gee ORE 
branches from the fact that Fig. 179.--SeLaginxLtaA HELvetica. 
occasionally they are found 

to develop into ordinary. shoots. The rhizophores, when 
present, are given off from the lower surface of the stem, 
one from below each point where an ordinary branch 
arises. They growy down to the surface of the soil without 
branching, but on reaching the suil give rise, byendogenous 
development,.to a number of true roots. 

The reproductive organs (figs. 179, 181) are produced at 
certain periods towards the apices of fertile or reproductive 
shoots. ‘These reproductive shoots are more or less erect, 
and, in nearly all the species, bear spirally arranged 
sporophylls, which do not differ very markedly from ordi- 
nary foliage leaves. The reproductive organs are sporangia 
and spores. One sporangium is developed i the axil of 
each leaf of the reproductive shoot. The sporangia are of 
two kinds, megasporangia and microsporangia, each of 
the former containing usually four large megaspores, each of 


ip 
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the latter a large number of small microspores. ‘Chus 

Selaginella is heterosporous. The samc sporangiferous 

‘“‘ spike”? usually bears both kinds, the microsporangia in 

the axils of the upper leaves, the megasporangia in the 

axils of the lower, although this is not always the case, for 

the megasporangia may occur in the middle of the cone. 
There is no special vegetative propagation. 


§ 5. Stem (fig..180). In some species there is a single 
apical cell as in the Fern ; in others, a group of two or three 
initial cells which by their divisions give rise to the tissue 
of the stem. This may be regarded as an intermediate con- 
dition between the single cell of the Fern, and the small- 
celled meristem, showing dermatogen, periblem and plerome, 
which is cha- 
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stele is sus- 
pended in the 
middle of a 
large air space 
by a number 
Fig. 180,—Stem of SenacineLLa Sernosa of delicate pany 
(Tranverse scction.) becula, which 

represent the 

stretched endodermis. These often have silica deposited 
upon them in the form of irregular plates, or annular 
deposits (fig. 180, s). The stele is concentric. The central 
wood, or xylem, consists of slender scalariform tracheides. 
According to the species one, two, or a number of 
protoxylem groups can be distinguished, consisting of small 
annular and spiral tracheides—that is, the stele may be 
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mon-arch, di-arch, or poly-arch. A striking peculiarity with 
regard to the protoxylem is that it lies at the periphery 
of the xylem, so that the differentiation of xylem tissue is 
centripetal, 7c. moves towards the centre of the stele (cf. 
differentiation in roots, p. 99). The phloem consists of 
thin-walled elongated cells, representing the sieve-tubes of 
higher types. ‘he sieve-plates are lateral. Outside the 
phloem is a pericycle, consisting of either one or two 
layers of cells. The steles run to the apex of the stem, 
and never exhibit any secondary growth. In the British 
species there is a single polyarch stele (fig. 180). 

The ground-tissue of the stem consists of comparatively 
thin-walled, more or less prosenchymatous cells, without 
intercellular spaces (thin-walled prosenchyma, p. 42). The 
epidermis also consists of elongated pointed cells, and has 
no stomata. 


§ 6. The Leaf is entire, and has a very simple structure. 
The epidermal cells con- 
tain chloroplasts. Stomata 
are hath conte to thoee ns qane BANGIOM. 
lowersurface. Theground-  ° MICGOREORANGIN 
tissue (mesophyll) is not 
clearly differentiated into 
palisade and spongy layers. 
A single vascular strand, 
given off opposite a pro- 
toxylem group from the 
stele of the stem, runs 
through it. This strand 
is concentric. The central 
xylem is surrounded by 
a layer of phloem, outside 
which is an endodermis. 


- 
=~ 





§ 7. Rhizophore and | 
root are both monostelic, ™*: ee 
and agree in internal (Longitudinal section.) 
structure. The stele is 
mon-arch. The root grows by a single apical cell; the 
Bot. 18 
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rhizophore may have a single cell or a group of cells, 
according to the species, like the stem. 


§ 8. Sporangia and Spores (fig. 181). The sporangium 
consists of a capsule borne on a short, stout stalk. The 
wall of the capsule consists of two layers of cells, and 
has no annulus. The megasporangium is somewhat larger 
than the microsporangium. ‘The spores as usual have two 
coats—endosporium and exosporium, the latter being 
cuticularized. A large amount of food substance is stored 
up inside the megaspore, consisting chiefly of oil. Owing 
to the fact that the spores are developed by tetrahedral 
division (see below) they are pointed at one end. 


§ 9. Development of Sporangium (fig. 182). The 
sporangium is developed from a group of meristematic cells. 
It is first seen as a little papilla-like outgrowth in the axil 
of a young leaf, close to the apex of the sporangiferous 
shoot. The outermost layer forms the wall of the spor- 
angium. But at an early stage beneath this outermost 
layer a row of large cells can be recognized, and this is the 
archesporium. ‘The archesporial cells by division form a 
tapetal layer towards the apex of the papilla. In the lower 


part of thedeveloping 
eae MOTHER sporangium the tape- 
: ARCHESPoRIUM ; CELLS tum is formed from 


the cells surrounding 
the archesporium, 
Then the  arche- 
sporium, by repeated 
division, gives rise to 
spore mother-cells, as 
in the Fern. So far 
the development of 
both mega- and mi- 





Fig. 182.—Sk1.aGiInELLA. DkvELOPMENT oF : * 
SPORANGIUM. crosporangia is the 


Tn A only one archesporial ecll is shown. same, but from this 
point differences are 

observed. In the microsporangium the mother-cells sepa- 
rate from each other, and float freely in a nutritive fluid 
formed by the disorganization of the tapetal cells. Then 
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in each mother-cell four special mother-cells ave formed, and 
each of these gives rise to a microspore in the same way as 
in the Fern. The micropores are tetrahedrally arranged ; 
they are not formed in the same plane. In the megasporan- 
gium one of the mother-cells increases in size, and produces 
four megaspores in the same way as a mother-cell produces 
microspores. The other mother-cells are disorganized and 
serve as nourishment to the developing megaspores. 

At an carly stage in development the outermost layer of 
the papilla divides into two, so that the wall of the sporan- 
gium is double. The stalk of the sporangium is formed by 
division and growth of cells at the base of the original 
papilla. One layer of tapetal cells persists, so that the 
wall seems to consist of three layers. 


§ 10. Germination of the Spores—Prothalli and Sexual 
Organs. ‘he germination of the megaspore begins before 
it is set free from the sporangium. ‘The nucleus of the 
spore divides into two. One daughter-nucleus passes to the 
apex or pointed 
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spore has fallen to the ground. ‘The cells formed in this 
region are larger and filled with food-material. The 
megasporangium ruptures near the apex by a transverse 
slit, and the spores fall to the ground. The megaspore 
ruptures at the apex by a triradiate fissure which exposes 
the small-celled tissue immediately underneath, On this 
an archegonium is developed, and others are formed later 
if fertilization is not effected. It is evident that the tissue 
formed as described in the megaspore is the female 
prothallus (fig. 183).* It protrudes slightly, turns green 
in the presence of light, and may even develop one or two 
root-hairs, but it isnot set free from the spore as an inde- 
pendent plant, like the prothallus of the Fern or of 
Kquisetum. It is nourished by the food-material stored up 
in the spore. This reduction of the female prothallus to a 
minute and practically dependent structure should be care- 
fully noticed. 
The structure and development of the archegonium 
; (fig. 184) are practically the 
same as inthe Fern. The only 
difference is that the neck is 
shorter, consisting of only eight 
cells; each of the four longi- 
tudinal rows of the neck consists 
of only two cells. 
Fig. -184.—Youne ArcHEGONIUM The : egy) aeons Lt MEET 
or SELAGINELLA. tured in the same way as the 
megasporangium, and the micro- 
spores fall to the ground and germinate. The microspore 
increases in size, and a small cell is cut off at the pointed 
end (fig. 185). Then the rest of the spore divides into 
ten or twelve cells, eight peripheral cells surrounding 
either two or four central cells (according to the species). 
The central cells undergo further division, and the small 
cells thus produced are the mother-cells of spermatozoids. | 
In each a biciliate spermatozoid is formed in exactly the 
* Some speak of the small-celled apical portion only as the female 
prothallus, and call the later-formed lower portion, which consists of 


larger cells distinctly marked off from the small-celled portion, the 
secondary prothallus or endosperm. ° 
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same way as in the Fern. The small cell first cut off 
represents an extremely rudimentary male prothallus, 
and may be called the prothallus-cell, The eight peripheral 
cells represent the wall of an antheridium, inside which 
the spermatozvids are produced. The extreme reduction 
of the male prothallus is of great interest, and is correlated 
with the small size of the micro- 





spore. ‘The megaspores remain _e- WALL 
large because of the necessity of CENTRAL 
providing nourishment for the - CELL 


young sporophyte, and owing to 
this fact they are able to produce 
a number of recognizable arche-_ 
gonia. During the course of the mMoTHER CELLS | 
above development the exospo- wean 
rium is ruptured. Later the sicnosromn or SELAGINELIA. 
peripheral cells undergo disor- 

ganization and nourish the spermatozoid mother cells. 
Eventually the spermatozoids are set free. 


§ 11. Fertilization and Development of Embryo (figs. 
186, 183, 187). The process of fertilization is essentially 
the same as in the Fern and Equisetum. A spermatozoid 
snters the ovum and fuses with it, the male and female 
nuclei amalgamating into one. 
The oospore which is thus formed 
segments and develops into an 
| embryo sporophyte. The first 
ao BASAL TIER division is at right angles to the 

{U7 APICAL TIER axis of the archegonium It di- 
Fig. 186.—Sxemextarion or Vides the oospors into an upper or 

Oosroxe OF SELAGINELA, hyvobasal half, and a lower or 

pe eprbasal, ‘The hypobasal half 

The epibasal half is divided fs é ¢ 
transyerscly into basal and either remains unicellular or un- 
ee ai boos tae dergoes only a few divisions, the 
apical, the stew and coty- resulting structure being called the 
ee suspensor. Tho epibasal half is 
divided into quadrants by two walls at right angles to each 
other, and from its apical tier (fig. 186) are developed the 
stem and two cotyledons. The base of the stem (hypocotyl) 


aN 
-~- SUSPENSOR 
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becomes enlarged and forms a massive organ serving 
as a ‘‘ feeder,’ and formerly regarded as equivalent to the 
foot of the Fern (p. 264). The true homologue of the foot, 
however, is the suspensor developed like the foot of the 
Fern from the hypobasal half of the oospore. There is no 
primary root in Selaginella. The first root.is developed from 
the base of the stem, and is therefore adventitious. The 
developing embryo grows down into the lower part of the 
prothallus; the ‘‘feeder” absorbs the food-material. 
Eventually the stem and cotyledons escape from the spore 
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Fig. 187.—EmBryo oF SELAGINELLA. 
(Longitudinal section.) 


and grow above ground, while the first and other adven- 
titious roots pass down into the soil. 

The life-history may be graphically represented as in 
fig. 188. 


§ 12. The following important points should be noticed. 
In tho first place the differentiation of sex has been carried 
back another stage. We not only have two kinds of 
prothalli, as in Equisetum, but these prothalli are developed 
from spores of quite different appearance. The student 
will now have some perception of the origin of the hetero- 
sporous condition in plants. In the second place, the 
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reduction of the male and female prothalli, 2.2. the gameto- 
phyte, has to be noticed. In Selaginella the gametophyte, 
so far as nourishment is concerned, is not independent of 
the sporophyte. 

The life-histories of Fern, Kquisetum, and Selaginella 
should be very carefully compared. While there are many 
differences, by reason of which these three types are placed 
in different classes of the Vascular Cryptogams, the student 
will recognize that the general course of the life-history is 
very similar. In all three there is a more or less distinct 
alternation of generations and equivalent or homologous 
structures occur at the same points in the life-history. 


SELAGINELLA 
(SPOROPHYTE) aN 


OOSPORE 
MICRO- MEGA- 
SPORANG. SPORANG. 
{ \ OOSPHERE SPERMZD. 
MICROSPORE | MEGASPORE | } 


¢ 


: ARCHEG. ANTH™ 


(GAMETOPHYTE) 
PROTH. CELL 


Fig. 188.—Lirr-History or SELAGINELLA GRAPHICALLY REPRESENTED. 


The graphical life-histories which have been given will 
enable the student to grasp more readily the more im- 
portant homologies discernible. The degeneration of the 
gametophyte does not cease at this point, but is continued 
so far, that in Flowering Plants the entire sexual stage is 
included in the spore, and the microspores (pollen-grains) 
and megaspores (embryo-sacs) become practically sexual 
bodies, from a physiological point of view (cf. Chap. XVII). 


CHAPTER XVI. 


THE GYMNOSPERMS—STRUCTURE AND LIFE- 
HISTORY OF PINUS. 


§ 1. General. The Gymnospermous Flowering Plants aro 
not so highly differentiated. as the Angiosperms, and in 
many respects they resemble the Vascular Cryptogams, 
forming as it were an intermediate group. They are 
large plants, either shrubs or trees, and include the Cycads, 
which in many of their characters approach the Vascular 
Cryptogams, the Conifers, and a third group, the Gnetacee, 
which approach nearer to the Angiosperms. Like the 
Angiosperms, their reproductive organs are aggregated to 
form flowers, which differ markedly, however, from the 
flowers of the Angiosperms in the fuct that when carpels 
are present the ovules are borne freely exposed on their 
upper surfaces. The carpels are not closed up to form 
ovary, style, and stigma. Hence the name Gymnosperm 
(Gr. yuuvos, naked, orepua, a seed).* The flowers are 
always unisexual; the plants usually moncecious, some- 
times dioecious (yew, juniper). 

The most important group of the Gymnosperms is that 
of the Coniferee or cone-bearing trees, so called because 
their flowers usually have the characteristic form known as 
cones. Of these our woods and shrubberies contain mahy 
familiar examples, such as the Pines, Firs, Larches, Yews, 
Spruces, Cypresses, Junipers, Araucarias, ete. The true 
pines constitute the genus Pinus, many species of which 
are grown jin Britain, but only one is native, viz. 

* Angiosperm from Gr. ayyos, « vessel, omepua, a seed. 
280 
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P. sylvestris, familiarly known as the Scots Fir. As this is 
one of our commonest trees, we have selected it as our 
special type of the cone bearing Gymnosperms. Refer- 
ence, however, will be made to other types. 


§ 2. External Characters of Pinus (fig. 189). The full- 
grown plant is a large tree. It has an elongated tap-root 
giving off stout branched lateral roots in regular succession. 
The main stem is cylindrical and covered with a rugged 
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Fig. 189.—Brancu or Pinus sylvestris cur in May. 
Most of the older dwarf-shoots and foliage leaves removed. 


scaly bark (p. 89) Secondary growth takes place in the 
same way as in Jicotyledons, and hence the stem tapers 
towards the apex. ‘The branches are formed in apparent 
whorls from lateral buds developed on each parent axis. 
These are formed in the axils of scale-leaves, at the end of 
each year’s growth. This regular development of branches 
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gives the tree a very symmetrical appearance, which is, 
however, frequently spoilt owing to the loss of many of the 
branches. In addition to the ordinary branches, which, as 
they grow indefinitely, are called shoots of unlimited growth, 
there are numerous dwarf-shoots (p. 66), or shoots of limited 
growth. These also arise in the axils of brown scale- 
leaves or cataphyllary leaves borne on the main branches. 
The leaves arc of two kinds:—(a) the cataphyllary leaves 
just mentioned, which are the only ones borne on the shoots of 
unlimited growth, and which are also present on the dwarf- 
shoots; (8) green acicular foliage-leaves, popularly called 
“« needles,”’ which occur solely upon the dwarf-shoots; they 
are not borne directly on the shoots of unlimited growth. 
The dwarf shoots, with their clusters of green leaves, are 
called “spurs.” The number of green leaves in each 
cluster varies according to the species. In P. sylvestris 
there are two, and the dwarf shoots together with their 
leaves are termed ‘‘bi- 
foliar spurs,” These 
persist for a number of 
years, so that the tree is 
an evergreen. When 
+ PHLOEM they fall off, as they 
eventually do, it is the 

~.XYLEM dwarf shoots which are 
eens) shed, and the leaves fall 
with them. This phe- 

a nomenon is called eladop- 
*FASG.CAMBIUM fosts, 2.¢. the shedding of 

RY MEO: RAY ore ue 7“ 
Fig. 190. Srem of Prxvs. Pp FORO Cia 
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‘The presence of a tap-root is characteristic of Gymnosperms. Many, 
e.g. Picea, the Spruce, have leaves and shoots of one kind only, The 
branching is axillary, but buds are not formed in the axils of all the 
leaves. No buds are formed in the axils of the foliage leaves of Pinus. 


§ 3. Structure of the Stem. In the general arrangement 
of tissues the stem of the Conifer closely resembles that of 
the Dicotyledon. It is monostelic. The apical meristem 
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shows dermatogen, periblem, and plerome layers, 
though not so distinctly as the dicotyledonous stom. ‘The 
bundles in the prmary condition (tig. 190) are common, 
conjoint, collateral, and open, and form aring in transverse 


section. ‘The primary bundles 
in Pinus lie close together, so 
that the medullary rays be- 
tween them are extremely 
narrow. The ground-tissue 
differentiates into pith, cor- 
tex, and medullary rays. 
The pericvcle is parenchyma- 
tous, and therefore cannot 
readily be distinguished 
from the cortical tissuo; the 
same is the case with regard 
to the endodermis, which is 
the innermost layer of corti- 
cal cells. The primary bun- 
dles have therefore no pori- 
cylic sclerenchyma or hard 
bast. Large resin-passages 
are present in the cortex, 
each surrounded by a layer 
of glandular secreting epithe- 
lial celis. As the transverse 
section of the young stem 
cuts through the bases of 
the dwarf-shoots its outline 
is irregular. A somewhat 
lignified hypodermal layer 
may be recognized in the 
outer cortex. Secondary 


growth is effected in exactly the same way 
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Fig. 191.—Svem or Pinus. 
Portion of a transverse section after 
secondary growth. 


as in Dicotyle- 


dons (pp. 83-89), the cambium ring giving rise to second- 
ary wood and phloem, and the phellogen to cork and bark. 
The phellogen or cork-cambium originates in the cortical 
tissue near the surface, though not in the outermost layer, 
and, later, there is a repeated formation of tan gential 
lines of phellogen cutting off strips of scaly bark (p. 89). 
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§ 4. The Tissues of the Stem (figs. 191—193). The 
close resemblance to Dicotyledons will be recognized. The 
differences, however, are considerable, the vascular tissues 
especially being of simpler character. The wood or xylem 
contains no true vessels, but consists of tracheides (cf. V. 
Cryptogams) with very typical bordered pits. The proto- 
xylem, however, is composed largely of annular and spiral 
tracheides. Small resin-passages are present in the primary 
and secondary wood, each with its lining epithelial layer. 
The phloem consists of sieve-tubes and phloem parenchyma; 
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Fig. 192._RaviaL Lonairupinar SEcTION oF SriM or Pinus. 
‘The section is taken at the junction of secondary wood and phloem. 
there are no true companion cells (cf. V. Cryptogams). The 
sieve-tubes consist of elongated, more or less pointed (pros- 
enchymatous) cells, with lateral sieve-plates on the radial 
walls, The structure of the medullary rays, however, is 
more complex than that of Dicotyledons (figs. 192, 193). 
The rays in the secondary wood consist partly of cells con- 
taining starch, partly of tracheides running radially. 
These tracheides allow for the radial diffusion of watery 
fluids through the wood, and thus make up for the want 
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of wood-parenchyma. In the secondary phloem the rays 
consist partly of starch-containing cells, partly of cells with 
albuminous contents. The medullary rays vary much in 
size; the smallest are only two cells high and one cell wide. 


Figs. 191—193 show transverse, and radial and tangential longi- 
tndinal sections of the wood. A radial, longitudinal section is one 
which passes through the 
middle of the stem; a tun- 
gential longitudinal section, 
one taken peripherally. ‘Thus 
a radial section runs parallel 
to the medullary rays in the 
region in which it is taken, 
while a tangential section 
cuts across them. This will 
explain the difference in the 
appearance of the medullary 
rays in the two sections. ‘The 
differences in the appearance 
of the bordered pits are due 
to the fact that the tracheides 
are four-sided, two of the 
sides being approximately 
radial and two tangential, 
and that the bordered pits 
are confined to the radial 
walls. ‘Thus, in radial section, 
the radial walls are not cut Fig. 193.--Snconpary Woop or Prnvs. 
through and the pits are Portion of a tangential longitudinal section. 
seen in surface view; while in 
tangential section, the radial walls are cut through and the pits are 


seen in section (fig. 193). 


L\ _- TRACREIDAL, 
CELLS 

b STARCH CELLS 
~ OF MED. RAY 





§ 5. the Root. The growth and general arrangement 
resembles that of Dicotyledons. The apical meristem 
shows dermatogen, periblem, and plerome layers, and is 
covered by a root-cap, the innermost layer of which is 
continued back as the epiblema. In Pinus there are three 
to six Y-shaped xylem bundles, and an equal number of 


phloem bundles alternating with them; there is a resin- 


passage between the arms of each Y, and a pith 1s present, 
This arrangement, however, is not characteristic of Conifers 


-asaclass. In most cases the stele is di-arch (or tri-arch), 


and a pith is absent. In Gymnosperm roots the pericycle 
consists of several layers, but there is a single-layered 
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endodermis. Secondary growth takes place as in the roots 
of Dicotyledons. The phellogen originates in the outermost 
layer of the pericycle. The wood and phloem have the 
same structure as in the stem. Lateral roots are developed 
from the second layer of the pericycle; the outermost layer 
covering them helps in the formation of the digestive sac 
which enables them to burrow outwards through the cortex. 
Root-hairs are scantily developed. 


§ 6. The Leaf. Fig. 194 shows a transverse section of 
the foliage-leaf. The epidermis consists of extremely 
thick-walled celis with a strong cuticle’ Owing to the 
erect position of the leaf stomata are developed all over 
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Fig. 194.—TraANSVERSE SECTION OF LEAF OF PINUs. 


its surface. The guard-colls are sunk beneath the level of 
the epidermis, so that there is an outer cayity leading 
down to the stoma. Beneath the epidermis there is a 
fibrous sclerenchymatous hypodermis interrupted beneath 
the stomata. The parenchymatous mesophyll consists of 
thin-walled cells, whose walls show numerous peg-like 
ingrowths of cellulose projecting into their cavities. The 
presence of these is probably connected with the feeble 
development of air spaces in the leaf, for they increase the 
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mternal surface of the cell-wall, and hence also tho 
excreting and absorbing surface of the protoplasm. The 
cells contain numerous chloroplasts and starch-grains. 
The mesophyll is not differentiated into palisade and 
spongy layers, so that the leaf approximates to the centric 
type (p. 9). In the mesophyll, immediately under the 
hypodermis, are a number of resin-passages, each with a 
thin-walled epithelial layer and an investing strengthening 
layer of sclerenchyma. In the middle of the leaf there is 
a conspicuous endodermis surrounding a many-layered 
pericycle, in which two vascular bundles are imbedded. 
The bundles and pericycle constitute a meristele. The 
bundles are collateral, the xylem facing towards the flat 
upper surface; there is a rudimentary cambium. The 
pericycle contains cells of two kinds :—(a) parenchymatous 
cells containing protoplasm, proteid, and starch; (4) similar 
cells with bordered pits and no contents, resembling tra- 
cheides and called tracheidal cells. This peculiar tissue 
is called transfusion-tissue. It is characteristic of the 
leaves of Gymnosperms. It helps im the transference of 
nutritive solutions, and thus makes up for the poor de- 
velopment of vascular tissue. The tracheidal cells serve 
for the passage of inorganic solutions from the vascular 
bundles to the mesophyll; the other cells for the diffusion 
of elaborated compounds from the mesophyll to the phloem. 
In addition to the transfusion-tissue, a number of fibres 
are developed in the pericycle near the bundles. 


§ 7. The Male Flowers (fig. 189) appear early in the year 
—about the beginning or middle of May. They are produced 
in the axils of scale-leaves at the bases of the developing 
shoots of the same year, but not on all the shoots. They 
form a spike at the base of the shoot, and the latter, as 1t con- 
tinues to grow, develops ordinary dwarf-shoots in the axils 

of the upper scales. In other words, the male flowers are 
‘produced at the base of the shoot instead of dwarf-shoots, 
and are homologous with them. Each male flower (fig. 195) 
consists of a somewhat elongated axis which corresponds to 
the thalamus, and which bears a number of spirally 
arranged scaly leaves. On the under side of each scale 
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two pollen-sacs are developed and these are filled with 
pollen-grains. ‘The scales of the male flower, therefore, are 
stamens. ‘The pollen-grains are at first unicellular bodies 
with exosporium or exine, and eudosporium or intine (p-174). 
On each side of the pollen-grain the exosporium is inflated 
with air, forming two balloon-like expansions (fig. 194, c). 
The male flowers differ from tbe flowers of Angiosperms in 
that (a) the axis which corresponds to the thalamus is 
elongated, (b) the stamens are less highly differentiated, 
showing no distinction into filament and anther, (¢) there 
POLLEN sac. are. two instead of four 
ST AMEN ae) on se pollen-sacs. It should also 
/ na i be noticed that the essential 
; organs only are present. 
There is ne perianth, but 
in some cases a few sterile 
scales may occur at. the base 
of the cone. 

Most Conifers have male 
tlowers similar to those of Pinus, 
The highest development is 
found in the yew, where the 
stamens are peltate, and may be 
regarded as showing a differenti- 
ation into filament and anther 
—the stalk, corresponding to the 
filament, the peltate head, bear- 
ing eight to ten pollen-sacs, to 
the anther. The number of pol- 
len-sacs varies in different types. 





Fig. 195.—Ma.r Frowrr = 
A, Part of a median cu eteae ee § 8. The Female Flowers, 
ot jeepetimen (under or cones (fig. 189), are found 
stage, highly magnified) “"°  “* at the same time as the 
male flowers. They are de- 
veloped laterally, one or two together, in the axils of scale- 
leaves at the apices of the young elongated shoots. They 
are usually borne on shoots which do not bear male flowers, 
and they take the place of shoots of unlimited growth. 
The female flower (figs. 196, 197), if examined at this 
early period, is found to be a small, light-coloured structure 
consisting of a stout central axis, bearing scales of two 
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kinds :—(a) small scales arranged spirally and developed 
directly on the axis; these are called the bract- or cover- 
scales; (6) rather stouter scales developed one on the upper 
surface of each bract-scale; these are called ovuliferous 
scales, because each bears two ovules on its upper surface. 
As the ovules afterwards wicropyie 
give rise to seeds, the , ~ INTEGUMENT 
ovuliferous scales are \4 = 
also called ‘‘ seminiferous 
scales.” Each bears at 
its apex a little protuber- 
ance called the apophysis. 
To compare this with 
the Angiosperm, the so- 
called bract-scale is re- 
garded as equivalent to 
(z.e. the homologue of) a 
carpel, and should, there- 
fore, be called a carpellary 
seale; while the ovuli- ay 
ferous scale is a large aia a4" 
placenta. Here again the eee 
elongated axis should be _Fig-:96.—Youne Fewavs Conr or Prxvs. 
noticed. The most imp ort- (Part of a longitudinal section ; diagrammatic.) 
ant point of difference, however, is that the carpels do not 
assume the form of a closed ovary, with astyle and stigma. 
The sae Sa prado seteuce 
: arc O08 esem dle O0s6 O 
cc Plus Ta een the bract-scales 
; are considerably larger. In the cypress 
and the ‘‘ tree of life’’ (Arbor vite) the 
scales (carpels) of the female cone do 
not bear ovuliferous scales: a number 
of ovules are borne directly on the sur- 
face of the scales, which are arranged, 
not spirally, but in opposite decussate 
pairs. In the yew there is no female 
cone; the female flower consists of a 
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Conx. single ovule borne terminally on a 
From above and below (Carpel- short axillary shoot. — ' 
scale = cover-scale). There is another view entertained 


by many with regard to the homo- 
logies of the female cone of Pinus. The bract-scale is regarded as really 
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a bract ; and the ovuliferous scale with the two ovules, as a female 
flower of a very rudimentary type. According to this view the 
female cone would be, not a single flower, but an inflorescence. This 
view, however, involves us in soveral difficulties with regard to the 
homologies of the parts of the male cone. 


§ 9. Structure of the Ovule (fig. 196). In the young 
female cone just described, the ovule consists of a small- 
celled mass of tissue, the nucellus, surrounded by a single 
integument. Towards the base of the nucellus, one large 
cell is developed called the embryo-sac-cell, homologous 
with the embryo-sac of the Angiosperm. ‘There is a wide 
gaping micropyle directed towards the axis of the cone. The 
ovule is orthotropous. 


§ 10. Comparison with Vascular Cryptogams. Having 
explained in the preceding sections the homologies between 
Pinus andthe Angiosperm, we may now make the connecting 
link in the other direction by giving the homologies which 
can be recognized between Pinus and the Vascular Cryp- 
togams. ; 

They may be stated briefly thus :— 

(a) The plant (Pinus) is the sporophyte. 
(b) Pollen-grain microspore ; 


Pollen-sac = microsporangium ; 

Stamen = macrosporophyll. 
(c) Embryo-sac-cell = megaspore ; 

Ovule = megasporangium ; 


Carpel (bract-scale)= megasporophyll. 

These homologies should be very carefully noticed. In 
the description of the flowers of Pinus, either set of terms 
may be used. 

The terms pollen-grain, pollen-sac, etc., were given to these 
structures before their homologies were revealed by a study 
of their development and position in the life-history, and by 
a careful comparison with such types as Selaginella. 

The student must clearly comprehend that the recogni- 
tion of homologies is based on a comparative study of 
development. ‘To emphasize this we shall now describe 
the development of pollen-sac and ovule in Pinus; it will 
be found ‘to be essentially similar to the development of 
micro- and mega-sporangia of Selaginella, a 
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Further evidence will be forthcoming when we pass to 
the life-history of Pinus. 


§ 11. Development of Pollen-Sac and Ovule. The 
pollen-sac is developed fiom a group of cells (ef. quisetum 
and Selaginella) on the under surface of the young stamen. 
The wal) of the pollen-sac is formed from the superficial or 
epidermal layer; it remains single. Several hypodermal 
cells, forming the archesporium, begin to divide rapidly. 
Tapetal cells aro segmented from them towards the wall of 
the pollen-sac, and the remaining central portion forms a 
mass of pollen- or spore-mother-cells. Each mother-cell 
gives rise, exactly as in the Fern or Selaginella to four 
‘‘ special mother-cells ”’ in each of which a pollen-grain or 
microspore is produced. ‘lhe pollen-grain has the structure 
of a spore ; its outer coat corresponds to the exosporium, 
its inner one to the endosporium. The tapctal cells are dis- 
organized during the development of the pollen-grains. 
Here the homology is perfect. 

The ovule arises as a small cellular protuberance on the 
upper surface of the young placenta. It increases in size 
and becomes the nucellus. The single integument arises 
from the base of the nucellus and gradually invests in. At 
the apex of the young nucellus a single hypodermal cell, 
the archesporium, can be recognized. ‘his begins to 
divide and forms tapetal cells towards the apex of the 
nucellus. ‘he archesporium proper remains unicellular, 
and owing to continued division of the overlying tapetal 
and nucellus cells it comes eventually to lie near the base 
of the nucellus. It undergoes uo division and itself becomes 

the embryo-sac-cell or megaspore. Here the homology 
with the megasporangium of Selaginella is not so perfect. 
The nucellus is probably equivalent to the proper wall 
of the megasporangium. The integument is by many re- 
garded as of the nature of an indusium (cf. the Fern), 
in this case surrounding a single sporangium; it is not 
represented in Selaginella. The greatest difficulty, how- 
ever, is mot with in the fact that there is only one mother- 
cell, and it does not show the usual division into four, but 
becomes directly the embryo-sac-cell or megaspore. Other 


292 BOTANY. 


Gymnosperms, however, show intermediate conditions, and 
the evidence will be strengthened when we come to con- 
sider the fate of the embryo-sac-cell in the life-history. 


§ 12. Pollination. Asin Angiosperms, the pollen-grains 
or microspores have to be transferred to the neighbourhood 
of the embryo-sac or megaspore. In Pinus this is effected 
by means of the wind, the transference being facilitated by 
the balloon-like expansions of the exosporium already 
described. Pinus, therefore, is anemophilous. Pollination 
takes place towards the end of May or beginning of June. 
At this period the scales of the female cone open out, and 
separate from each other. Much of the pollen is wasted, 
but some of the grains are blown between the scales of the 
female cone and fall near the ovules. A mucilaginous 
secretion is given out from the micropyle. In this the 
pollen-grains are entangled, and, as the mucilage dries up, 
they are drawn down the micropyle and finally come to 
rest on the apex of the nucellus. In the Gymnosperms 
pollination consists in the transference of the pollen-grains, 
not to a stigma as in Angiosperms, but directly to the 
surface of the nucellus. The scales of the female cone 
close up after pollination. 


§ 18. Male Gametophyte. If the pollen-grain is really 
a microspore we should find it giving rise on germination 
to something equivalent to a male prothallus. At first 
the pollen-grain is unicellular. Even before it leaves the 
pollen-sac division begins, and it is completed on the 
surface of the nucellus. Two very minute rudimentary 
cells, the prothallus-cells, are cut off on one side. The 
remainder then segments into a small antheridial cell and 
a large vegetative cell (fig. 198, a). Comparing this 
with the germination of the microspore in Selaginella 
there is an obvious suggestion that the small prothallus- 
cells represent a very rudimentary or reduced male pro- 
thallus. The antheridial cell is so called because, as will 
presently be explained, it produces the male sexual cell 
and is, therefore, the equivalent of the central cell of the 
antheridium of the Vascular Cryptogam, the male sexual 
cell being the equivalent or homologue of the spermatozoid, 
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The male cell, however, is not motile, ¢.c. it is not a sperma- 
tozoid, and hence the term antheridial cell is preferable to 
that of “‘antheridium.” ‘The large undivided vegetative cell 
probably corresponds to the peripheral cells which form 
the wall of the antheridium in Selaginella. In Gymuo- 
sperms there aro definite cellulose walls formed between 
all these cells in the pollen-grain. 

In the further germination of the pollen-grain on the 
apex of the nucellus, the exosporium bursts open and the 
large vegetative cell protrudes and elongates to form a 
slender pollen-tube (fig. 198, 8). This is not represented 
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Fig. 198.—SraGks 1N THE GERMINATION 
oY tHe PoLLEN-GRAIN. 


A, B, early stages in Picea, the Spruce, where the antheridial cell divides shortly 
after pollination; C, Late stage in Pinus. 


in Selaginella ; its development in Phanerogams, as will 
afterwards be explained (p. 309), is an adaptation to 
entirely different conditions. This pollen-tube grows down 
into the tissue of the nucellus. Its destiny will be traced 
presently. 


§ 14. Growth of Female Cone—The Female Gametophyte. 
At first, as we have seen, the female cone is comparatively 
small; while the ovule consists simply of the integument, 
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the nucellus, and the embryo-sac-cell or megaspore. 
Although pollination is effected at this stage, fertilization 
does not take place in Pinus till about a year later—some 
time in June of the second year. This, however, is not 
characteristic of Gymnosperms; in most of them fertiliza- 
tion is effected in the same year as pollination. In Pinus, 
during this protracted interval between pollination and 
fertilization, many important changes go on in the ovule 
and in the cone as a whole. The cone increases in size and 
becomes green. During the winter these green cones are 
found at the apices of the shoots, just below the terminal 
winter bud. This increase in size is due to the enormous 
growth of the axis and of the ovuliferous scales. The 
carpellary scales remain small, and are completely con- 
cealed, The growth is continued rapidly in the second year 
(fig. 189). At the time of fertilization the cones are large 
green structures, the rhomboidal areas on their outer surface 

being the outlines of the apices of the ovuliferous scales. 
Inside theovule the embryo-sac-cell becomes much larger, 
and by free cell- 
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this tissue is the female prothallus (tig. 199), a name which 
it now receives. Practically, the only important difference 
is that the megaspore in Pinus is not set free from the 
megasporangium, as it is in Selaginella. But even in 
Selaginella, the student will remember, the germination of 
the megaspore begins inside the sporangium. The female 
prothallus in Pinus is enclosed in the nucellus. It has 
neither chloruphyll nor root-hairs. At its micropylar end 
are developed two, or occasionally three, archegonia— 
formerly called corpuscula. This completes the evidence of 
homology. ‘I'he archegonium consists of a venter and a 
short neck. Oosphere and ventral canal-cell are present, but 
there is no neck-canal-cell. ‘he protoplasm of the oosphere 
presents a frothy appearance, owing to extensive vacuola- 
tion; it has no cell-wall. Except that no neck-canal-cell is 
formed, the development is essentially the same as in the 
Fern or Selaginella, 


§ 15. Fertilization. In the first year the growth of the 
pollen-tube is arrested after it has penctrated a short 
distance into the uucellus. In the second year it again 
begins to grow. Some time in April the antheridial cell 
(§ 13) divides into two (fig. 198, B), a barren cell called the 
stalk-cell, and a generative cell which produces the male 
sexual element. The protoplasinic contents and nuclei of 
the large vegetative celi, the stalk-cell, and the generative 
cell, all pass down to the apex of the pollen-tube. Before 
this can take place, of course, the intervering cell-walls 
must be absorbed. In the pollen-tube the naked genera- 
tive cell divides into two. The pollen-tube ultimately 
reaches aud enters an archegowum. One of the generative 
cells only is concerned in the act of fertilization. As the 
male sexual element (or gamete), it passes from the pollen- 
tube into the ovum, and its nucleus together with a sinall 
amount of cytoplasm frses with the nucleus and cytoplasm 
of the ovum. The fertilized ovum forms a cell-wall and 


becomes the oospore. 


§ 16. Development of Embryo (fig. 200). The nucleus 
passes to the lower end of the oospore, and there, by 
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repeated karyokinetic division, gives rise to four nuclei. 
These again divide, forming eight nuclei. Cell-walls are 
laid down between the four basal nuclei, and by this free 
cell-formation four small cells are formed at the lower 
end of the oospore. Its upper part, with the other four 
(free) nuclei, which are afterwards disorganized, takes no 
share in the development; it contains food material. The 
development, therefore, is said to be meroblastic (or partial), 
and this is characteristic of Gymnosperms. In most plants 
the development is holoblastic, ¢.e. the whole of the oospore 
undergoes division 
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middle cell of each row (2 in fig. 200). The four sus- 
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of each (3 in fig. 200) is the embryonal cell; it continues to 
divide and forms a potential embryo. It will be noticed 
that four potential embryos are formed from each oospore.* 
This phenomenon is known as polyembryony ; it is very 
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Tn a few Coniferm, e.g. the spruce, only one suspensor and one 
embryo are produced. 
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characteristic of Conifers, and not unknown in Angiosperms. 
As more than one oosphere may be fortilized, many potential 
embryos may be present in one ovule. Only one, however, 
develops; the others die off. The embryo which is 
developed consists of a primary root, a tiny plumule, and 
a number of cotyledons. The whole of it is derived from 
the embryonal mass, the suspensor taking no part in the 
development. 

It should be carefully noticed that the endosperm is 
simply the tissue of the female prothallus laden with 
food-material which diffuses into it from the placenta. 

The nucellar tissue is almost entirely crushed and dis- 
organized owing to the expansion of the endosperm and 
embryo. A thin layer of it persists, and contains food 
material, forming a small amount of perisperm (p. 202). 


§ 17. Seed and Fruit. Thus, as in Angiosperms, a seed 
is formed (fig. 201). The integu- 
ment of the ovule becomes Z 
the testa. The seed contains, \Wi Hh) REAGENT A 


not only endosperm, but also a 





small amount of perisperm. The rage 
embryo is straight and lies in 
the middle of the endosperm. Sega 


The suspensors disappear. ‘The 

seed has a thin membranous Breck 

wing, which assists in its dissem- 5 
ination. The wing is derived 
from the surface of the placenta, 
not from the testa. 

The female cone, when it 
reaches maturity «im the third 
year, is dry, brown, and woody. As a PN ae 
The scales (p lacentas) gePeEP an A, Sartell Gets! Longitudinal 
and allow the seeds to escape. paphon” 

The cone, as a fruit, is necessarily : | 
quite different from Angiospermous fruits, seeing that 
there is no ovary. 


The fruits of most Conifers are dry, woody cones. In some, 
however, the carpels become fleshy and form a berry-like fruit, ¢.g. 
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juniper. The seed of the yew is invested by a bright red fleshy aril 
developed asa second integument after fertilization. 


§ 18. Germination of Seed. The cotyledons of Pinus 
may become green while still enclosed in the seed-coat. 
They gradually absorb the endosperm, and are epigeal, 
the seed-coat being carried by them above ground. 
The primary root passes downward and forms the tap-root 
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system. The first year’s shoot, formed by the elongation 
of the plumule, has no scale-leaves or dwarf-shoots; it has 
acicular green leaves, spirally arranged, thus indicating 
what was probably the primitive leaf arrangement. 

The life-history of Pinus may be graphically represented 
as in fig, 202. 


_ § 19. Physiology. Most Conifers are xerophytie (p. 157), 
and many (including Pinus) have mycorhize (p. 151). 
The narrow acicular form of the leaves, their thick cuticle, 
the sunken stomata, the presence of a strong hypodermis, 
the simple vascular system, are marked xerophytic charac- 
ters, all tending to reduce transpiration to a minimum. 


CHAPTER XVII. 
HOMOLOGIES IN ANGIOSPERMS. 


§ 1. The Sporophyte in the Angiosperm. We are now in 
a position to correlate the main facts in the life-history 
of the Angiosperm with those of the Vascular Cryptogam 
and Gymnosperm. From what has been said in the pre- 
ceding chapter the following homologies will be evident :— 
(a) The Angiospermous plant is the sporophyte. 
(6) Stamen ‘microsporophyll’ ; 
Pollen-sac microsporangium ; 
Pollen-grain nuerospore. 
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(¢) Carpel ‘megasporophyll’ ; 
Ovule MEGASPOrangrUn ; 
Embryo-sac = megaspore. 


The sporophyte in the Angiosperm is still more highly 
differentiated than that of the Gymnosperm. As in the 
Gymnosperm, the sporophylls are aggregated to form 
flowers. In Angiosperms the flowers have undergone 
extreme specialization. In addition to the sporophylls or 
essential organs they usually have accessory structures— 
the floral envelopes or perianth—which play an important 
part in the production of seed. 

To complete the evidence of homology, we may briefly 
describe the development of pollen-sac and ovule of the 
Angiosperm. It is essentially similar to the development 
in Gymnosperms and Vascular Oryptogams. 


§ 2. Development of Pollen-Sac (fig. 203). The stamen 
in the Angiosperm arises as a protuberance on the thala- 
mus. It consists of meristematic tissue, and soon shows a 
distinction into filament aud anther. The two auther- 
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lobes can be recognized at an early stage, anda procambial 
strand makes its appearance in the region of the connective. 
The dermatogen layer of the anther-lobes remains undi- 
vided, but, in each anther-lobe, two little groups of periblem 
cells lying immediately beneath the dermatogen begin to 
divide. They form usually three layers of cells under- 
neath the dermatogen layer. The outermost of the three 
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Fig. 203.—DEVRLOPMENT OF PoLLEN-Sacs IN ANGIOSPERM, 
Transverse sections of young anthers. 


layers becomes the fibrous layer (p. 174) of the pollen-sac. 
The innermost layer consists of large granular cells and 
forms a tapetum; together with the intermediate layer it 
is disorganized during the development of the pollen- 
grains. The remaining central cells of each meristematic 
group constitute the archesporium. Thus in each anther- 
lobe there are two archesporia. The tapetal layer com- 
pletely surrounds each archesporium, The archesporial 
cells divide in the usual way to form spore- (or pollen-) 
mother-cells. In Dicotyledons, the special mother-cells 
are formed in much the same way as in the case of the 
Fern (p. 259); but in Monocotyledons they are formed by 
ordinary cell-division, ¢.c. the mother-cell divides into two 
and then these two into four. The microspores or pollen- 
grains in hoth are formed in the usual manner. 
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§ 3. Development of Ovule (fig. 204). The nucellus 
arises asa tiny cellular protuberance on the placenta and 
gradually increases in size. The integuments arise, one 
after the other, as outgrowths from the base (chalaza) of 
the nucellus. ‘This basal region also elongates to form the 
Juniele, At an carly stage the archesporium is recognized 
as a single hypo- 
dermal cell at the _- ARCHESPOR. 
apex of the young 
nucellus. It 
usually —_ divides 
into two -- an 
upper tapeial cell ' , 
and a lower cells / 2 
the archesporium NUCELLUS 
proper. The tape- tapetum-~ff 
tal cell may divide 
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The archesporial 
cell sometimes oe Fig. 204.—DrvELormin’y OF AN ANATROPOUS OVULE. 
mains undivided 1, 2, =I1st and 2nd integuments. 

and directly be- 

comes the embryo-sac; frequently, however, it divides 
into a row of four potential mother-cells, the lowest of 
which becomes the er.bryo-sac or megaspore, the other 
three, called ‘‘cap-celis,” being aborted. As in Gymno- 
sperms, no division of the mother-cell into four occurs 
and only one megaspore is formed. 

The embryo-sac or megaspore is at first a typical cell 
with a single nucleus; but before fertilization a process 
of free cell-formation takes place. The nucleus divides 
karyokinetically into two. One daughter-nucleus passes 
to the micropylar end, the other to the chalazal end of the 
embryo-sac. ach by further division gives rise to four 
nuclei. Three of the nuclei at the micropylar end become 
surrounded by protoplasm, and form the oosphere and 
synergide or egg apparatus: three at the chalazal end are 
surrounded by protoplasm and cell-walls, and form the 
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antipodal cells. A nucleus remains at eachend. These 
are called polar nuclei; they pass to the centre of the 
embryo-sac and fuse to form the secondary nucleus. 

§ 4. The Flower. We must now bring distinctly before 
the student the fact that the flower is simply a specialized 
reproductive shoot (see p. 7) bearing an aggregation of 
sporophylls. Morphologically, the flower is not a structure 
peculiar to the Pranerogams. It has its morphological 
equivalent, 7.¢. its homologue, amongst the Vascular 
Cryptogams, e.g. the sporangiferous heads of Equisetum 
and Selaginella. Many, indeed, have extended the appli- 
cation of the term flower to these and similar structures 
amongst the Vascular Cryptogams. On this view, the 
term L’lowering Plant applied to the Phanerogam would be 
a misnomer. Others, however, would restrict the term 
flower to the Phanerogams. ‘This could be done by giving 
the following definition :—The flower is a spemalized re 
- productive shoot bearmg sporophylls and sporangia which 
_ are concerned in the production of seed. The point is 
_ of small importance practically; tne important thing is 
the recognition of the morphological equivalent of the 
flower. : 


§ 5. The Gametophyte in the Angiosperm. The male 
gametophyte is completely reduced. The vegetative and 
generative cells of the pollen grain (p. 197) represent all 
that there is of male prothallus and antheridium. ‘The 
vegetative cell is probably equivalent to the peripheral cells 
forming the wall of the antheridium in Selaginella, Other 
wise the antheridium of the Vascular Cryptogam is repre- 
sented only by a generative cell which, as in Gymnosperms 
(p. 295), divides to form two gametes, corresponding to 
the spermatozoids. 

Remembering the process of free cell-formation which 
takes place inthe megaspore of Gymnosperms and of Selagi- 
nella, we mast recognize that the formation of antipodal 
cells and egg-apparatus in Angiosperms is, as it were, an 
attempt at the formation of a female prothallus. The pro- 
cess, however, comes abruptly to an end. After fertiliza- 
tion it is continued (see p. 200), and leads to the formation 
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of the endosperm tissue. The endosperm tissue is the 
female prothallus formed after fertilisation. The secondary 
nucleus may be considered as a resting nucleus set apart 
before fertilization to continue the formation after fertiliza- 
tion. Some regard the antipodal cells as a rudimentary 
formation of prothallus tissue; others as equivalent to an 
abortive egg-apparatus. The egg-apparatus probably re- 
presents three seduced archegonia. The female organs or 
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archegonia themselves are lost, but their essential cells 
(oospheres) have persisted. Two of these, the synergida, 
are functionless. In a few plants, however, one or other 
of the synergide may be fertilized. That these interpreta- 
tions with regard to the female prothallus, ete., are approxi- 
mately correct may be recognized from the fact that inter- 
esting intermediate conditions are found in the highest 
group of the Gymnosperms, the Gnetaceex (p. 280). 

The life-history of the Angiosperm may be represented 
as in fig. 205, pa 
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§ 6. The Seed. The student should notice carefully that 
the seed is a highly specialized reproductive body con- 
sisting of structures representing three generations :— 
(a) the parent sporophyte, viz. the integument of the ovule 
forming the seed-coat; (b) the female gametophyte— 
the endosperm tissue; and (c) the new sporophyte in 
embryo. 


§ 7. Comparative Summary. In Phanerogams, as in 
Vascular Oryptogams, there is an alternation of generations, 
but it is very much less distinct. The male and female 
prothalli are even more reduced than in Selaginella. 
This extreme reduction of the gametophyte is character- 
istic of the Flowering Plants. More important differences, 
however, have to be noticed. The megaspore (embryo- 
sac) is not set free from the sporangium (ovule). The 
female prothallus is developed inside the nucellus. The 
other differences are correlated with this. The special 
process of pollination is necessary in order to bring the 
microspore into the neighbourhood of the megaspore. 
There is a new method of fertilization; the male element 
is no longer a spermatozoid, but a motionless gamete 
which is transferred to the ovum by a special organ, the 
pollen-tube. Finally, there is the most characteristic 
difference of all—the formation of a seed. This also is 
clearly due to the retention of the megaspore in the ovule. 
The non-formation of a seed in Vascular Cryptogams is 
correlated with the liberation and independent germination 
of the spores. 


§ 8. ‘‘ Double Fertilization.’’ Recently it has been discovered that, 
in some plants at least, the second male gameto (sco p. 199), whose 
fate was hitherto unknown, fuses with the secondary nucleus or with 
the micropylar polar nucleus before the formation of the secondary 
nucleus. ‘he significance of this is not yet understood. It may be 
an act of fertilisation (hence the term double fertilization), in which 
case the endosperm would be an undifferentiated embryo devoted to 
supplying the actual embryo with food. At present, however, we may 
accept provisionally the other and more probable view that the fusion 
merely provides the necessary stimulus to the continued development 
of the female prothallus, 


CHAPTER XVIII. 


RELATIONSHIP BETWEEN VASCULAR CRYPTOGAM 
AND FLOWERING PLANT. 


§ 1. Homology ‘based on Relationship. While studying 
the types discussed in the preceding pages the following 
questions have probably occurred to the mind of the 
student What is the meaning of these homologies? 
Why should there be such resemblances in the develop- 
ment and life-history of plants which in many other 
respects differ so widely from each other? The detailed 
consideration of such questions is beyond our present 
purpose. We shall merely try to suggest the answer. __ 
Woe give the now generally accepted theory (evolution 
theory) when we say that these homologies are due to an 
actual relationship oxistiung between plants—in other 
words, to the fact that these higher plants which we have 
been considering are descended from common ancestors. To 
make this clear, the preliminary consideration of a few 
important principles is necessary. . rye 





§ 2. Struggle for Existence. Let the student consider 
how numerous are the seeds produced by any one plant, 
and then reflect that the number of individuals in any one 
species remains approximately the same from one year to 
another. Evidently very few of the seeds develop into 
mature plants. Some fail to reach a suitable soil; others 
produce seedlings which, however, are crowded out .and 
killed by other and hardier plants—and so on. There is, 
evidently, a very keen struggle for existence, in which those 
which are most favourably circumstanced will survive. 

Rot. 305 20 
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§ 8. Heredity and Variation. Itis well known that the 
characters of parents are transmitted to their offspring, so 
that the offspring resemble their parents more or less 
closely. This is the principle of heredity. 

Now if the offspring were exact copies of their parents 
and all equally vigorous, it would be a matter of chance 
which of them survived in the struggle for existence; 
those would survive which happened to be most favourably 
situated. But the offspring are not exact copies of the 
parents. As we know, they exhibit individual differences, 
some of which may appear for the first time in the history 
of the race. These characters in which offspring differ 
from their ancestors are called variations. 

Variation, 7.e. the fact that these variations do occur, 
introduces a new factor into the struggle for existence. 
Survival is not to the same extent a matter of chance. 
Some of the variations exhibited by plants may be useful 
or advantageous, 7.¢. they may give the individuals 
possessing them an advantage over other individuals in the 
struggle for existence. Evidently those variations wiil be 
such as will enable the individual to cope better with the 
external conditions to which it is subjected. Thus in the 
struggle for existence the fittest will survive and their 
advantageous variations will tend to be transmitted, per- 
petuated, and even intensified in their offspring. 


\ 

§ 4. Natural Selection. In each genoration, the uncon- 
scious influence of the external conditions, by killing off 
the weaklings, selects, as it were, those which by reason of 
some useful variation are more fitted for survival, just as 
a gardener might select the plants showing the variation 
which he wishes to intensify. The sum-total of external 
conditions constitutes what we call ‘‘ Nature,” and there- 
fore to this unconscious operative cause the name “natural 
selection”’ has been appropriately given. 


§5. Origin of Species, Genera, ete. If the student has followed 
what has been said above, he should have no difficulty in realizing 
that the forms of plants would become immensely altered or modified 
during the lapse of long periods of time. Within the limits of one 
original species (see p. 219) several distinct variations might appear, 
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marking out certain groups which would be called ‘‘ varieties ’’ of the 
species. After a still longer period the characters which distinguish 
these varieties would be intensified and would eventually be constantly 
transmitted. The varieties would then be elevated to the dignity of 
species. In this way the original species would give rise to a 
group of species, i.e, « genus. Similarly the genus might give rise to 
a group of genera, forming a natural order ; and so on. 


§ 6. Adaptation. Thus, in the evolution of plants, new 
characters would arise as small useful variations preserved 
by natural selection and intensified in the course of 
generations. These characters would be suited to the 
environment of the plant—in other words, they would be 
adaptive characters, otherwise they would not have been 
preserved by natural selection. The student will now have 
a clearer idea of the origin and significance of adaptation. 

The structural characters of a plant are adaptive, be- 
cause they are the characters which, being useful, have 
been selected, and have determined the existence of the 
plant. 

Under changing conditions of environment, species 
which are incapable of appropriate adaptive variation tend 
to become extinct. 


§ 7. Homology and Analogy. While in the course of 
evolution the forms of plant-members would undergo 
extensive adaptive modification, many of the general 
developmental characters of original ancestral forms would 
be constantly transmitted. These would be recognised as 
homologies in their descendants. ‘The nearer the relationship 
the more numerous and complete would be the homologies. 
On the other hand, it is because adaptive modification may 
similarly affect different members that we so frequently 
find examples of members which are analogous, but not 
homologous (see p. 16). It is evident that analogy is no 
indication of relationship. Aquatic plants, for example, 
have many features in common, but nevertheless no general 
relationship exists between them. 


§ 8. Evolution of the Higher Plants. The types which 
we have studied will serve as an illustration of the above 
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principles. We may suppose that the common ancestors of 
the Vascular Oryptogams and Phanerogams were plants 
showing a distinct alternation of gencrations—the sporo- 
phyte differentiated into root, stem, and leaf, and producing 
asexual spores—the gametophyte a green thallus, bearing 
both antheridia and archegonia. Some of the ancestral 
characters have been inherited in common by the 
descendants. These constitute the homologies recognizable, 
e.g. the similarity in the general course of the life-history, 
the resemblances discernible in the development of members 
such as roots, stems, leaves, sporangia, etc. The differ- 
ences or modifications have arisen as different adaptations 
io changing conditions of environment, ¢.g. the forms of 
stem, root and leaf. Let us see, however, if we can trace 
some of the more important: of these. 

We must first ask the student to notice that the 
sporophyte is evidently a plant adapted to aerial conditions, 
while the gametophyte, as we find it in the Fern or 
Hquisetum, and, presumably, as it existed in the ancestral 
forms, is adapted to moist conditions. Further, that in the 
Flowering Plants we have. plants completely adapted to 
aerial conditions.* On the view that cross-fertilization is 
of advantage to plants, we can understand the gradual 
evolution of unisexual prothalli(e.g. Equisetum). But why 
the reduction of prothalli and the heterosporous condition ? 
his is probably traceable to the morc complete adaptation 
of the plant to aerial conditions. Evidently, if there was 
any uncertainty as to the conditions being sufficiently moist 
for the development of well-formed prothalli, the storing 
up of food-material inside the spore must have been a useful 
variation. It was more necessary in the case of the female 
gametophyte because it had to nourish the embryo—hence 
the differentiation of a megaspore. From this stage onwards 
the spores and prothalli may be regarded simply as organs 
having for their function the production of a new 
sporophyte. ‘The advantage of the retention of the 
megaspore in a secure and definite position in the 

* Aquatic Angiosperms have returned to aquatic conditions. 
Their ancestors were aerial types—cf. the whale among air-breathing 
vertebrates. E 


V. CRYPTOGAM AND FLOWERING PLANT. 309 


sporangium will now be perceived. The microspores being 
small would be readily blown about by the wind; and we 
can imagine that there were special means for catching 
them (cf. secretion of mucilage from the micropyle of Pinus). 
Here we trace the beginning of pollination. At first, 
probably, the microspore germinated on the surface of the 
female prothallus, and the spermatozoid made its way to 
the archegonium in water present on the surface of the 
prothallus and probably in part excreted by it. We can 
understand the gradual enclosure of the megaspore on the 
view that the embryo would be better protected and havea 
better chance of surviving. The development of a pollen- 
tube would probably be stimulated by the presence of 
water on the surface of the partly covered megaspore or pro- 
thallus. The advantage of the thickening of the wall of 
the sporangium (nucellus), the development of an integu- 
ment, and the formation of a secd as a highly efficient 
organ of reproduction, will be easily followed. In Gymnos- 
perms we have clear evidence that a number of distinct 
megaspores and embryos (polyembryony, p. 296) were 
present in primitive seeds. The advantage of the reduction 
to one is evident, for one strong and well-nourished seedling 
is much more likely to survive than two weakly ones. 
After the complete enclosure of the megaspore, it lost its 
euticularized coat, which is still found in Cycads, and 
the archegonium, being now a useless organ, gradually 
disappeared, leaving the ovum behind it. Finally, the 
late development of endosperm in Angiosperms is of 
distinct advantage, as it is not required if fertilization is 
not effected. 

All this is, of course, hypothetical; but we have grounds 
for believing that the above account gives approximately 
the course of evolution of flower, seed, and fruit. Thus, 
for example, quite recently it has been found that in two 
Cycads, Cycus aud Zamia, and in Ginkgo, the only survivor 
of an ancient group of Gymnosperms, two multiciliate 
spermatozoids are developed in the pollen-tube instead of 
two generative cells, and that these reach the necks of the 
archegonia by swimming through a drop of water secreted. 
on the surface of the female prothallus. 
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§ 9. Specialized Characters of Flowers and Fruits. 
We cannot doubt that the primitive flowers were anemo- 
philous, like those of Pinus. Originally, insects probably 
visited flowers to feed on the pollen. A slight secretion of 
sweet substance by the floral leaves, serving as a further 
attraction to insects, no doubt led to the gradual evolution 
of nectar-glands; the close association of bracts around 
the flower may have been the precursor of a calyx or 
perianth; the sterilization of the outermost series of male 
sporophylls (stamens) probably led to the evolution of 
a corolla, and slight variations in form, facilitating the 
movements of insects in pollination, to the evolution of 
mechanical contrivances. Similarly we can picture the 
evolution of succulent fruits through natural selection by 
herbivorous birds and mammals. ; 


§ 10. The student must be careful to avoid the idea that 
the Angiosperm has directly descended from a Gymnosperm 
like Pinus, or Pinus from Selaginella, and so on. The 
various groups of Vascular Cryptogams and Gymnosperms 
are offshoots from the main stem of evolution. 


Questions on the V. Cryptogams and Flowering Plants. 
(Many of these were set at London University Examinations.) 


1. Give a general sketch of the life-history of a fern 
from the germination ofthe spore to the formation of the 
fertile frond. 

2. Describe in detail the structure of the stem in Pinus 
after three years’ growth in thickness. Explain how this 
growth in thickness takes place. 

3. Describe the general structure of the frond of a fern, 
and state in what respects it differs from the leaf of a 
Flowering Plant. 

4. Describe the structure of the mature ovule of a 
Gymnosperm, and point out the differences between it and 
the mature ovule of an Angiosperm. 


5. Explain fully the reasons on which the conclusion is 
based, that the pollen-sac of the Angiosperm is a micro- 
sporangium, and the pollen-grain a microspore. 
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6. Give an account of the structure and function of the 
prothallium of a fern. 


7. In what important respects does the life-history of 
a Vascular Cryptogam (a) resemble, (5) differ from, that 
of a Flowering Plant? What is the significance of these 
resemblances and differences ? 

8. Give an account of the life-history of Selaginella, and 
indicate important differences from that of the Fern. 

9. What is meant by an “ alternation of generations” in 
tho life-history of a plant? Illustrate your answer by 
reference to the life-history of a fern. 

10. What is a gametophyte? Give an account of the 
gametophyte of Pinus. 

11. What are the resemblances and what the differences 
between the floral organs of an Angiosperm and those of 
Pinus? 

12. Describe and compare the sexual reproductive organs 
of a fern and an Angiosperm. State how fertilization is 
effected in the two cases. 

13. Describe (a) the general form of the gametophyte 
generation in a fern; (6) the parts by which it is nourished, 
and how they operate; (c) the sexual organs, and the 
process of fertilization; (d) compare a fern in respect of 
these features with a Gymnosperm. 

14. Give a comparative account of the development of 
sporangia and spores in the Fern, Kquisetum, and Sela- 
ginella. Mention important differences in the develop- 
ment of the megasporangium and megaspore of Flowering 
Plants. 

15. Give an account of the structure and development 
of roots in ferns, and mention important differences as 
compared with the roots of Angiosperms. 

16. What is polystely? Describe the structure of a 
stele in the Male Shield Fern or Bracken. 

17, Give a comparative account of the ‘‘ nursing” of the 
embryo (7.¢. the way in which it is nourished) in Vascular 
Cryptogams and Flowering Plants. 


PART [V.—THE LOWER CRYPTOGAMS. 


CHAPTER XIX. 
-LIVERWORTS AND MOSSES. 


§ 1. Toe Group Bryophyta or Muscinee is divided into 
two Classes—the Hepatice or liverworts and the Musci or 
mosses (see p. 4). Weshall consider JJarchantia as a type of 
the former, Munaria as a type of the latter. 


A. Marocnanrra PotymMorpuHa. 


§ 2. External Characters and General Life History 
(fig. 206). The plant, which is commonly found on damp 
ground or other moist surface, is a green dorsiventral 
dichotomously branching thallus (p. 6), giving off numerous 
unicellular, hair-like rhizoids, from its under (ventral) 
surface, which also bears violet-coloured flattened scales 
consisting of a single layer of cells. The thallus has a 
distinct midrib. Special reproductive branches spring 
from the upper (dorsal) surface of the thallus. These bear 
the sexual organs, antheridia and archegonia. It follows 
that the plant is the gametophyte, and is equivalent to, 5.8 
homologous with, the prothallus of the Fern. his is an 
important point which must be earefully borne in mind. 
‘We shall see that the gametophyte of the liverwort is much 
more highly differentiated than that of the Fern. The 
branches bearing antheridia are called antheridiophores ; 
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those bearing archegonia, archegoniophores. They are 
borne on different plants, so that Marchantia is unisexual. 
Each consists of a stalk bearing a terminal dise or head, 
the receptacle. In both cases the stalk has two furrows 
which bear rhizoids. At its first appearance the furrows 
are distinctly ventral. This indicates that the reproductive 
branch is formed by the fusion of the two brauches 2f a 


ANTHERIDIOPHORE ARCHEGONIOPHORE 





“> RHIZOIDS 


Fig, 20. -MARCcHAN’IA POLYMORTHA, 
A, Male plant; B, Female. 


bifurcation of the thallus. The receptacle of the male shoot 
is rounded and flattened and has a wavy margin; that of 
the female is star-shaped, bearing a number of spreading 
rays, resembling the ribs of an umbrella. The oospore 
produced by the fertilization of the oosphere of the arche- 
goniuin develops into a structure called the sporogonium, 
which gives rise to asexual spores. Evidently the sporo- 
gonium is the homologue of the sporophyte of the higher 
plants; but in Muscinez it is never differentiated into 
stem and leaves, and is never set free from the gameto- 
phyte. From the asexual spore a new gametophyte is 
produced. The gametophyte reproduces itself vegetatively 
by means of gemma, multicellular bodies developed in cir- 
cular cup-shaped organs with membranous margins, called 
cupules, formed on the upper surface of the thallus (fig. 206), 
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§ 3. The structure of the thallus is shown in fig. 207. 
The great bulk of the thallus is composed of thin walled 
parenchyma. The cells towards the lower surface show 
reticulate markings on their walls. Those nearer the 
upper surface often contain numerous starch-grains. Here 
and there single cells with mucilaginous or oily contents 
occur. The upper superficial layer of cells (so-called 
‘‘epidermis’’) contains chloroplasts; there is no cuticle. 
Immediately beneath it there are large diamond-shaped 


ASSIMILATORY TISSUE 
PORE \. f AIR-CHAMBER 











' t ! 
\ SCALES / 
*RHIZOIDS:. 


Tig. 207,—THALLus or MARCHANTIA,. 
(Transverse section.) 


air-cavities separated from each other by thin cellular 
partitions which connect the superficial layer with the 
underlying parenchyma. Short rows of small oval cells 
packed with chloroplasts grow up from the floor of each 
air-cavity ; these form the chief assimilating tissue of the 
plant. In the middle of the roof of each cavity there is a 
large pore (figs. 207, 208), bounded by several tiers of 
cells. Corresponding to the air-spaces the surface of the 
thallus is marked out into a number of diamond-shaped 


LIVERWORTS AND MOSSES. 815 


areas, in the middle of each of which the pore shows as a 
dot. The pores differ altogether from stomata in their 
development, although they are analo- 
gous organs having the same function. 
True stomata are not developed on any 
gametophyte. The absence of vascular 
tissue should especially be noticed (see 

. 18). 
: the ventral scales and rhizoids are 
developed more especially on the mid- 
rib. ‘Ihe rhizoids in Marchantia are pig, 203.—vore sxex 
of two kinds :—(a) long slender hairs, EROM, AHOVE. 
with curious peg-like thickenings developed internally on 
their walls; (%) stouter hairs without thickenings. These 
rhizoids absorb inorganic solutions in the usual way and 
tix the plant to the soil. 

The growth of the thallus is effected by a group of 
initial cells at each growing-point. 


§ 4. The Gemme (fig. 209) are flattened isobilateral bodies 
with a notch on cach side. Most of the cells contain 
chloroplasts, but here and there are 
larger clear cells, which are capable 
of forming rhizoids. The growing- 
points are situated in the notches 
and grow into new thalli. 


§ 5. The Antheridiophore (fig. 210). 
The lower surface of the receptacle 
of the antheridiophore bears rhizoids 
and scales like the thallus. The 
upper surface is flat. The tissue of 








- OIL-CELLS the receptacle is similar to that of 
RHIZOID CELLS the thallus. Air-cavities are present, 
opening by means of pores on the 


Pig, 200. Geum oF upper surface. But in addition to 


(euriaes view) these there are large flask-shaped 
: cavities, also opening by sinall aper- 
tures called ostioles on the upper surface. These cavities 
are arranged in rows radiating out from the centre, and an 
antheridium is developed on the floor of each, The 
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antheridium (fig. 211) is oval in form, and is borne on a 
short multicellu- 

ANTHERIDIUM AIR-CHAMBER lar stalk. Its 

wall consists of 
a single layer of 


Hf “De cells containing 
4 PVE chloroplasts. In- 
LE ESOS side there is a 


? MEIER $e mass of sperma- 
vig 5 tocytes, cach of 
fogs SCALES which gives rise 

__ HAIRS IN to a_ hi-ciliate 
FURROW spermatozoid. 





In the develop- 
Fig. 210.—Parr or ANTHERIDIOPHORE OF MarcHanTiaA, MEN t _0° f the 
(Vertical section of receptacle.) antheridium a cell 

grows out from 

the upper surface of the young receptacle. It is immediately divided 
into two. ‘lhe upper cell forms the body, the lower the stalk of the 
antheridium. ‘The antheridium is gradually enclosed in a flask-shaped 


cavity owing to the growth of the 
A * CILIA 


surrounding tissue. 
‘SPERMATOZOIDS 






§ 6. The Archegoniophore 
(fig. 212). The tissue of the 
receptacle of the archegonio- 
phore is similar to that of 
the thallus. There are large 
air-cavities opening by pores 
on the upper surface, and 
large mucilage-cells are pre- 
sent. ‘The archegonia are de- i 
veloped on the under surface e s Sisendennee ra 
of the receptacle. ‘They are i 
arranged in radial rows which alternate with the rays of 
the receptacle. The youngest lie nearest to the stalk of 
the archegoniophore. The margins of the rays grow down 
and form curtain-like membranes, the perichetia, which 
envelop the archegonia. 

The -archegonium is borne on a short stout stalk and 
consists of a dilated venter and a very long neck. The 


- STALK 
J-- PARAPHYSI!S 
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wall of the venter consists of one layer of cells. It 
contains’ the 
oosphere and the MUCILAGE 
ventral canal-cell. pg 
In the canal of 
the neck there isa 
row of neck-canal- 
cells. The neck 
consists of many 
longitudinal rows 
of cells surround- 
ing the canal. 
The terminal cells, 
called lid-cells, are : 
at first united, so : Taran ee: 
ce in the sb ger toi \ « ARGHEGoNIUM RAY 
archegonium 1e <r 
apex ee the neck BTALKOT OPERIGYNIUM 
is closed. When PERICHAETIUM 
the ar ch e gonium is Fig. 212.—Aneitwaon eres OF MAaRrcaaatia. 
(Section between two rays.) 
mature the ventral 
canal-cell and the row of ueck-canal-cells become dis- 
organized, and are converted into mucilage which absorbs 
water, forces open the 
lid-cells and oozes out 


i of the neck. 


bi denot pl 
a 0. ({ ( + 
( | | / \\ ane) 4 6 ) The archegonium is de- 
i hin pa ze 


} i iT veloped as a protuberance 

A Bhi ee ass D fais asingle opt (fig, 218), 
LID-CELL 97 ? This grows out and is cut 
ep off by a wall. It is then 
divided transversely into 





STALK-CELL 


\ 


fi 





7 Ria Sua two. The basal cell under- 
ean goes a fow divisions and 
VENTRAL CANAL-~CELL forms the stalk. The other 

#! ~ NECK cell is the mother-cell of 
~ "NECK CANAL-CELLS the archegonium. It is 


divided by three longi- 

Fig. 213.—DrvELorMENT OF ARCHEGONIUM OF tudinal walls into three 
Maxcuaniia. peripheral cells and one 

central cell. ‘The central 

cell overtops the peripheral cells, and its apical portion is cut off as 
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the lid-cell, which afterwards by further division forms the lid-cells 
of the neck. ‘The peripheral cells are further divided longitudinally 
into six, which are called envelope-cells. ‘The six envolope-cells and 
the single central cell are then divided transversely into two storeys. 
The lower storey forms the venter; its envelope-cells further divide 
to form the wall; its contral cell divides into oosphere and ventral 
canal-cell. The upper storey forms the neck ; its central cell forms by 
division the row of 8—16 neck-canal-cells. 


§ 7. Fertilization, and Development of Sporogonium 
(fig. 214). Fertilization takes place when the plants are 
wet with rain or dew, and is effected in exactly the same 
way asin the Fern. The antheridium burstsat theapex, and 
the spermatozoids are set free. They are attracted to tho 
archegonia by some organic substance present in the mucil- 
age which oozes out of the neck. The effects of fertilization 
are not confined to the oospore. The whole archegoniophore 
pie ee and becomes very much larger (cf. fruit-formation 
in Flowering Plants). The venter of the archegonium con- 
tinues to grow; it is.now called the calyptra, and forms an 
investment round the devoloping embryo. A loose cup- 
shaped structure, the perigynium, which makes its appear- 
ance just before fertilization (fig. 212) as an outgrowth of 
the stalk at the base of the archegonium, also grows 
rapidly and surrounds the calyptra and embryo. 

- The oospore is first divided transversely by a basal wall 
into an upper or epibasal and a lower or hypobasal cell (:). 
Then two other walls, at right angles to each other and to 
the basal wall, divide the oospore into octants (cf. the Fern). 
The hypobasal octants being further divided give rise-to a 
short bulbous foot (8) which absorbs nourishment from the 
receptacle (cf. Fern), and a short stalk which is produced 
rather late in development by intercalary growth. The 
epibasal half forms the capsule of the sporogonium. Bya 
- wall formed parallel to the surface in each epibasal octant 
a central region, the endothecium, is marked off from a 
peripheral layer, the amphithecium (s). The wall of the 
capsule, consisting of a single layer of cells, is formed from 
the amphithecium. ‘The whole of the endothecium consti- 
tutes the archesporium. Some of the cells produced by the 
division of the archesporial cells are sterile; they become 
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elongated and spindle-shaped, and spiral markings are 
developed on their walls. These curiously modified cells 
are called elaters (u); they are hygroscopic, ¢e. easily 
influenced and stimulated to movement by moisture; when 
the sporogonium opens they aid in scattering the spores. 
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Fig. 214.—SrGuenrArion OF OosroRe AND DEVELOPMENT OF SPOROGONIUM 
Ov MARCHANTIA. 


The other cells produced from the archesporium are spore- 
mother-cells. Each gives rise exactly as in the Fern to 
four spores. 

Thus the sporophyte generation is represented by a 
sporogonium. It shows a rudimentary differentiation into 
root (foot) and shoot (stalk and capsule), but the shoot is 
not differentiated into stem and leaves. It is parasitic on 
the gametophyte. Eventually the capsule breaks through 
the archegonium (calyptra) owing to the elongation of the 
stalk. It splits longitudinally into a number of divisions 
or teeth, and the spores are set free (D). 
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§ 8. Germination of the Spore (fig. 215). In germination 
the exosporium is ruptured, and the endosporiwm grows out 
to form a short tube (germ-tube). The further growth of 

this is at first filamentous, but eventually 
GERM-DISC a small green cellular plate (germ-disc) 
f is produced. The whole structure is called 
the protonema. The young Marchantia 
plant arises from this as a lateral out- 
growth. The protonema then dies. It will 
be noticed that the development of the 
‘“‘nlant”’ is indirect or heteroblastic. It 
is preceded by a pro-embryo, the proto- 
nema. A trace of this is probably to be 
recognized in the early filamentous stage 
of the fern-prothallus. 

The life-history of Marchantia is repre- 

sented graphically in fig. 216. 







APICAL CELL 


PROTONEMA 
RHIZOID ~~ 


-- SPORE 


JSg. 215.—Provo- : ' 
Bete ee - 3B. Funarra Hyeromerrtca. 


HANTIA, SHOWING 


YOUNG 'TIEALLUS § 9. External Characters (fig. 217). 
“prom ozkaepisc, unaria is a common moss which grows in 
: dense tufts or patches on the surface of 
the ground, often on the tops of walls. The plants are 
small, being scarcely half an inch in height. They are 
differentiated into stem \and leaf (leafy shoot), but 
there is no true root. The dark-coloured base of the 
shoot gives off numerous slender, brown, multicellular 
rhizoids, which pass down into the soil. The leaves are 
simple and more or less ovate. They show a distinct 
midrib and have a #2 spiral phyllotaxis. There is com- 
paratively little branching: it is lateral, but not axillary ; 
the branches are given off beneath the leaves. 


§ 10. General Life-History. The plant, as in the 
Hepatic, is the gametophyte, but is much more 
highly differentiated. In the Mosses the gametophyte 
attains a high degree of development. The antheridia 
and archegonia are borne at the apices of the shoots 
concealed amongst the leaves of the apical bud (fig. 219). 


. 
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Funaria is unisexual. The apical buds containing anther- 


idia can be more or less easily distinguished, as their leaves 
spread out 


and form SPOROGONIUM <™~\, 

rosette -like OOSPORE 
structures i 

testes SPORE OOSPHERE SPERMZD. 
perichetia. 

The central ARCHEG. ANTH”., 


leaves of 
the rosette 


PROTONEMA ——> PLANT 
are often 


oa ee (GAMETOPHY TE) 
colour. The VEG. REPROD 
plants bear- Fig. 216.—Lirvr-Hisrory or Muscinem, 
ing arche- In Marchantia and Funaria the gametophyte is represented 
: ; by two plants. 
onia are 


longer than those bearing antheridia; their apical buds, 
however, are not specially distinguished. 

It should be carefully noticed that the stem and leaves 
of the moss are not homologous with, 
but only analogous to the stem and 
leaves of the fern-plant; they belong 
to different generations. 

In Mosses, as in Hepatice, the 
sporophyte generation is represented 
by a sporogonium derived from the 
fertilized ovum. ‘The sporogonium 
is rather more highly differentiated, 
and consists of a capsule or theca, 
a stalk called the seta, and a foot. 





Ws 0% The asexually produced spore gives 
EIS ozoipg rise to a protonema (fig. 224), which, 
SR however, is aiuch larger and longer- 


Fig. 27.—Funama wirx lived structure than that of Hepaticee. 
oe It is a much-branched filament bear- 

ing an external resemblance to a green alga. The cells 

of most of the branches contain numerous chloroplasts, 

while others pass down into the soil, and are not to be 
Bot. 21 
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distinguished from rhizoids. The rhizoids of many mosses 
may in fact form protonemata. The moss-plant is de- 
veloped on the protonema as a lateral bud. The protonema 
continues to grow for some time, and produces numerous 
plants. ‘Thus, as in Hepatice, the development of the 
gametophyte from the asexual spore is indirect. 

Funaria has great powers of vegetative reproduction. 
Protonemata may be produced from any part—rhizoids, 
stem, leaf, and even from the sporogonium. In the last 
case we have an instance of apospory (p. 267). Some 
mosses form multicellular gemma, but this is not the case 
in Funaria. 


§ 11. Structure of the Stem (fig. 218). The outermost 
layer of cells of the stem is marked off as an ‘‘ epidermis.” 
Beneath this is a many-layered cortical region, surrounding 

a central strand of 
ay RHIZOID elongated thin-walled ° 


Wicsbas a 
Cy EPIDERMIS” cells. The cells of 















x the cortex contain 

; “THICK-WALLED chloroplasts, and in 
ery 2 AND the outer region their 
a) THIN-WALLED Walls are thickened. 
ay CORTEX The central strand is 
ag AS a conducting tissue, 
t@ tee *s, CONDUCTING and must be con- 
WONT) Ss sees sidered as represent- 


ing a rudimentary 
vascular cylinder, 
analogous to the stele 
of the sporophyte in 
Fig. 218.—S1em or a Moss. higher types. i 
(Tranverse section.) some mosses, such 
as Polytrichum, but 
not in Funaria, the conducting strand shows a central 
region of more or less thick-walled cells surrounded by 
a region of thin-walled cells, This would be analogous to 
the differentiation into xylem and phloem. 
The growth of the stem in mosses is effected by a three-sided 


apical cell like that of the Fern. The segments cut off from it divide 
into inner and outer halves, of which the former give rise to the 
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central conducting tissue. Each outer half is divided into upper and 
lower parts. ‘lhe upper part protrudos as a two-sided apical cell, and 
developes into a leaf. ‘Che lower part forms the cortical tissue of an 
pene; If branching occurs the branch is formed from this lower 
part. 


§ 12. Structure of the Leaf (fig. 219). Except at the 
midrib the leaf consists of a single layer of cells containing 
chloroplasts. This is the assimilating tissue. The leaf is 
thickened at the midrib, which contains a strand of thin- 
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Fig. 219.—Aprx oF MALE PLantT or FuNARIA. 
(Longitudinal section.) 
walled conducting cells like those of the stem. In some 
mosses these strands join on to the central strand of the 
stem, but in Funaria this is not the case; here there areno 
leaf-traces. 


§ 18. The Antheridia (figs. 219, 220a) are club-shaped 
bodies, borne on stout multicellular stalks. The wall consists 
of a single layer of cells within which are numerous sperma- 
tocytes. On the access of water the antheridium bursts at 
the apex and the spermatocytes are liberated. Their walls 
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become mucilaginous and the 
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Fig. 220.—SexuaL ORGANS oF FUNARIA. 


A, Antheridium; D, Archegonium. 
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spermatozoids (fig. 220, c) 
escape. ‘hey are biciliate 
like those of Hepatice. 


The antheridia are developed 
from single cells at the apex 
of the shoot—including even the 
apical cell. he cell grows out 
and is divided into two. The 
lower cell forms the stalk. The 
upper grows like an apical cell 
and gives off two series of seg- 
ments, which are divided into 
central cells, from which the 
spermatocytes are developed, 
and peripheral cells, forming 
the wall. This mode of apical 
growth is unusual. 


§ 14. The Archegonium 
(fig. 220, Dd) is like that 
of Hepaticee; but the stalk 
is more strongly developed, 
and the wall of the venter 
consists of two layers of 
cells. There is a long 
twisted neck, consisting of 


six longitudinal rows of cells, surrounding the central canal. 


The archegonium (fig. 221) is 
developed from a single cell which 
may be the apical cell of the shoot. 
The cell grows out and the protu- 
berance is divided into two. ‘The 
lower cell forms the stalk. ‘The 
upper cell functions as an apical 
cell. It shows continued growth, 
and gives off segments forming, 
after further division, tiers of 
cells, each tier consisting of a 
central cell and surrounding peri- 
pheral cells. The lowest central 


Gr APICAL CELL 

~- STALK-CELL 
-- APICAL CELL. 
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~ LOWEST CENTRAL 
CELL 
~-- STALK 


Fig. 221.—DrEVELOPMEN?’ OF ARCHE- 
GONIUM OF Moss. 


cell forms the oosphere and ventral canal-cell; the other central cells 


form:the neck-canal-cells. 
neck and venter. 
remarkable. 


The peripheral cells form the cells of the 
Here also the continued apical growth is highly 
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§ 15. Fertilization is effected in the usual way. The 
spermatozoids make their way to the archegonia when the 
plants are wet with dew or rain. The attracting substance 
here seems to be some form of sugar. The oosporo 
develops into the sporogonium. 


§ 16. Structure of Sporogonium (fig. 217). The sporo- 
gotium representing the sporophyte gencration is differ- 
entiated into root and shoot, but not into stem and leaves. 
It consists of foot, seta, and capsule. The foot (fig. 223, xz) 
is a small conical structure which buries itself in the apex 
of the female plant, and serves for the absorption of 
nutriment, It is invested by a membranous sheath, the 
vaginula, representing the lower half of the archegonium, 
which is ruptured during the development of the sporo- 
gonium. ‘The seta is a long slender structure of a reddish 
colour. It has an ‘ epidermis,” a thick-walled cortex, and 
a conducting strand like that of the moss-plant. 

The capsule (fig. 222) is a pear-shaped structure. Its 
solid basal region is called the apophysis. ‘The epidermis 
of the apophysis has true stomata. At each end of the pore 
the wall between the two guard-cells breaks down, so that 
the pore seems to be surrounded by a single ring-shaped 
cell. The parenchymatous cells beneath the epidermis 
contain chloroplasts. The conducting strand of the seta is 
continued into the apophysis. It has been proved that the 
sporogonium can assimilate all the carbon that it requires, 
so that only inorganic solutions are absorbed by the foot. 
It may be regarded as only semi-parasitic. The wall of 
the capsule consists of several layers of cells; the inner 
layers contain chloroplasts. Internal to this is a large air- 
space traversed by delicate strands of cells. Next comes 
the spore-sac, surrounding a sterile central column, the 
columella. ‘he outer wall of the spore-sac (sometimes 
called the outer spore-sac) consists of two or threo layers of 
cells. ‘I'he inner wall (sometimes called the imner spore-sac) 
lies next the columella. At the apex of the capsule is a 
sort of lid, the operculum, which separates off when the 
capsule dehisces. The dehiscence is effected by the rupture 
of a ring of cuticularized epidermal cells, the annulus, 
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round the base of the operculum, immediately above the 
upper end of the spore-sac. When the operculum comes 
away a number of yellow thickened tooth-like structures, 
constituting the peristome, project. These are hygroscopic, 
and allow the spores to escape only when the air is dry. 
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Fig. 222.—CarsuLe or Funania. 
(Longitudinal section.) 


In Funaria there are two rows of peristome teeth (outer 
and inner), 


They represent the outer and inner thickened 
and cuticularized regions of the walls of a plate of cells 
which have otherwise broken down. The apex of the 


capstle is covered by a membranous cap, the calyptra 
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(fig. 223, E), represonting the ; 
=e ia | p g upper half of the ruptured 


_ §17. Development of Sporogonium (fig. 223). The oospore 
1s first divided by a basal wall a hypo- and Seitbusal 
cells. By further division a two-sided apical cell is formed 
at each end. The two rows of segments cut off from the 
hypobasal end form the foot (a). The epibasal half also 
forms two rows of segments (a, 3). The segments are 
divided into iuner and outer halves (4, 0). In the region 
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Fig. 223. —DrvELOPMENT OF SPOROGONIUM OF FUNARIA. 
B, C, D, transverse sections; D iw region of Capsule. 


of the seta the inner halves form the central conducting 
tissue; the outer halves the cortical tissue. In the region 
of the capsule, which is not distinctly marked off from the 
seta till the embryo has elongated considerably, the outer 
halves constitute the amphithecium; the inner halves 
the endothecium (p). ‘The archesporium is the ouermosé 
layer of the endothecium, the rest of the endothecium 
forming the columella. Everything outside the sporo- 
senous tissue, including the outer wall of the spore-sac, 
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is derived from the amphithecium. The operculum slowly 
differentiates, and the innermost layer of the amphithecium 
over the region covered by the operculum gives rise to the 
peristome. The archegonium is ruptured during the 
elongation of the sporogonium. ‘The spores are developed 
from the mother-cells in the usual way. ‘There are no 
elaters. 


§ 18. Germination of the Spore (fig. 224), When the 
spore germinates, the exosporium is ruptured and the endo- 
sporium grows out at each end into a germ-tube. At one 
end the germ-tube forms a rhizoid. The other develons 
into the protonema. The growth of each branch of the 
protonema is effected by means of its apical cell. 


§ 19. The Young Moss-Plant (fig. 224) arises as a little 
bud from a cell of the protonema close to a septum. 
In this protuberance, 
oblique divisions ap- 
pearand thesesepara- 
te the apical cell of 
the young plant from 
those which give rise 
to the first leaf and 
the first rhizoid. 

The life-history of 
the moss is repre- 
sented graphically in 
fig. 216. 


§20. Summary and 
Conclusions. ‘hus, 
in the Bryophyta 
Fig, BA, Graxcnasixe Stuns B) Foote "15 oe ie ndistinoh all 
ternation of genera- 
tions. The gametophyte is the plant; the sporophyte 
generation is represented by a sporogonium parasitic or 
semi-parasitic on the female gametophyte. ‘he relative 
importance of the two generations has been reversed as 
compared with what we find in Vascular Cryptogams and 
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Flowering Plants. The sporophyte is practically only a 
sporogenous capsule ; there are no distinct sporangia. A 
seta is developed simply to elevate the capsule, and a foot 
to absorb nourishment. 

There is a very wide gap between the Bryophyta and 
the Pteridophyta — wider even than that between the 
Pteridophyta and Phanerogams. 

Nevertheless, the homologies discernible between the two 
groups—e.g. the alternation of generations, the similarity 
in the general course of the life-history, the development of 
the spores—leave no doubt that they are genetically con- 
nected, in other words, that the two groups are descended 
from common ancestors. There is now reason to belicve 
that the Hepatice are the living forms which most nearly 
approach these primitive ancestral forms, On this view 
the Pteridophyta would represent the main line of evolution 
in which the sporophyte became more highly differentiated ; 
while the Musci would represent a divergent line in which 
the gametophyte attained a high development. We can 
readily understand that the higher evolution of the sporo- 
phyte, along the Pteridophyte line, was initiated by the 
sporogonium borne on some thalloid form sending down 
absorbing organs (roots) into the soil. During the early 
imperfect stages of evolution the foot would continue to 
carry on its absorbing functions; but gradually its period 
of functional activity would be restricted to embryonic 
stages, as in the Fern. 


CHAPTER XX. 
THE ALGE. 


§ 1. Tue Algz constitute one of the two important Classes 
into which the Thallophyta are subdivided. They are 
aquatic plants. Many are fresh-water forms, but the 
great majority live in the sea, and constitute the assemblage 
of organisms called the marine alge or seaweeds. ‘The 
vegetative body is usually a thallus: but many show a 
more or less well-marked differentiation into root and shoot 
and some also into stem and leaf. Structurally, the thallus 
consists entirely of livirg cells, although, in some of the 
larger forms, distinct conducting and assimilating tissucs 
are developed. In essential points the processes of 
nutrition resemble those of the ordinary green plant, while 
differing widely in detail (see p. 14). All contain chloro- 
phyll, but, in many, the green colour is masked hy the 
presence of other colouring matters. ‘These are chiefly a 
brown colouring matter (phycophein), ana a red colouring 
matter (erythrin). They are present in the plastids along 
with the chlorophyll. ‘lhe differences in colour are cor- 
related with important diferences in development and 
life-history—hence the convenient division of the Alge 
into green (Chlorophyces), brown (Pheophycew), and red 
(Rhodophyces). ‘he brown and red Algz are mostly 
marine. 

The plant is the gametophyte. The syorophyte is either 
unrepresented or represented only in a rudimentary form. 
Hence, there is at most only an indication of an alteration 
of generations. 

Sexual reproduction is general. The gametes and the 
gametangia, 7.¢. the organs producing the gametes, may 
or may not be differentiated into male and female. If the 
sexual process consists in the conjugation of similar gametes 
it is said to be isogamous, and the zygote formed is termed a 
zygospore. If it consists in the fertilization of an 
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ocsphere by a male elcment it is heterogamous (as in 
higher types) and the zygote is an oospore. ‘This applies 
tu the green and brown Algw; in the red Algeo the sexual 
processes are very peculiar and highly specialized. he 
gametophyte can also in most cases reproduce itsclf 
asoxually. The asexual organs of reproduction will be 
described in connexion with our special types. 


SPLROGYRA. 


§ 2. General Characters. Spirogyra is one of the green 
fresh-water Alga. It grows in dark-green 
slimy masses in ponds, springs, or slow- 
running streams. Hach Spirogyra plant 
has an extremely simple structure. Its 
vegetative body is an unbranched fila- 
mentousthallus (fig. 225), consisting of short 
cylindrical cells placed end on end and 
showing no distinction of base and apex. 
The filament increases in lenyth by ordinary 
cell-division and growth of the cells. All 
the cells have the same structure and all 
are capable of division. ere we have 
an exaniple of a multicellular plant which 
shows little or no division of labour. In- 
deed, we might, physiologically, regard each 
cell as an individual plant, and the whole 
filament as a colony of such individuals, st 
for each cell carries on exactly the samo Fis. rae 
vital functions as are necessary for the i Binabevea! 
maintenance of the whole. ‘The filament is, 
in most species, invested by a delicate mucilaginous sheath 
secreted by the cells. It is this which makes a mass of 
Spirogyra filaments feel slimy to the touch, 
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§ 3. Structure of the Cell (tig. 225). Each cell is cylindri- 
cal in form with transverse end-walls, and has the structure 
characteristic of typical parenchymatous cells. The wall is 
a cellulose membrane. Inside the cell there is a ‘‘ primordial 
utricle,”’ from which delicate protoplasmic strands run 
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across a central vacuole to the centre of the cell. The 
nucleus, containing a distinct nucleolus, is usually em- 
bedded in the small central mass of protoplasm. The most 
conspicuous structures in the cell are certain green spirally 
coiled bodies called chlorophyll bands or chromatophores. 
There may be one or several of these in acell. ach is 
a spocialized protoplasmic body containing chlorophyll 
diffused through ite substance. It lies in the primordial 
utricle, coiled as it were round the central vacuole. In its 
substance, at intervals, are distinct rounded granules, also 
protoplasmic in nature. These are the pyrenoids. They 
are specially active in the formation of starch ; each be- 
comes surrounded by starch-grains when the cell contains 
surplus carbohydrates. Pyrenoids are frequently found in 
the Alge. 

Numerous species of Spirogyra are distinguished accord- 
ing to the size and form of the cells, the number of chro- 
matophores, etc. 


§ 4. Reproduction. There is no special method of asexual 
reproduction ; but if a filament happens to be broken into a 
number of pieces, consisting of one or several cells, these 


CONJUG® TUBE CHROMATOPHORE 





ZYGOSPORE NUCLEUS 


Fig, 226.—Srinoeyra IN CONJUGATION. 


by ordinary cell-division may form new filaments (vegeta- 
tive reproduction). Voluntary fragmentation of this kind 
often occurs under abnormal nutritive conditions. 

Sexual reproduction (fig. 226) seems to occur whenever 
the vigour of the filaments becomes impaired by age, by 
prolonged division, or by unfavourable external conditions, 
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It isisogamous. In this process two filaments, lying side by 
side, send out little outgrowths from corresponding cells. 
These increase in size, meet, and finally fuse between the 
two filaments, so that the corresponding cells are joined by 
short conjugation-tubes. In the meanwhile the contents of 
each cell have contracted, losing water and forming a 
gamete, in which the characteristic form and appearance of 
the chromatophores can no longer be distinguished. Then 
the gametes of one filament pass over, by means of the 
conjugation tubes, into the cells of the other filament, and 
fuse with the gametes in these cells. It should be specially 
noticed that the gametes bear no cilia (aplanogametes), and 
that any cell of a filament may function asa gametangium; 
also that conjugation is effected by means of conjugation- 
tubes. ‘The more active gametes, which may be regarded 
as being male, are formed earlier than the more passive 
ones, which may be considered as female. Generally all 
the gametes of one filament pass over into the other fila- 
ment, so that the filaments are unisexual. There are, how- 
ever, exceptions to this; and conjugation tubes are occa- 
sionally formed between cells of the same filament. In a 
family closely allied to Spirogyra conjugation is effected in 
the middle of the 
tube, and the 
gametes are in all 
respects alike. 
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§5. The Zygo- 
spore. The result 
of conjugation isin OUTER 
each casetheforma- COAT 
tion of azygospore. | gy 
This is a large oval gosto 
body, at first green, Hes e OF oN 
Bit Tater Beaumaris BAS cm@P" "FILAMENT 
dark brown. After Fig, 227.—Sprrrocyra; Germination Ov ZyGosPore. 
a more or less ; 
lengthy period of rest, the zygospores germinate, Hach 
contains food-material in the form of oil and other sub- 
stances. In germination the two outer coats of the spore 
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(fig: 227) are ruptured, and the contents enclosed in the 
innermost coat grow out into a tube which is divided into 
two cells by a transverse septum. The cell which protrudes 
from the spore is green, and grows out to form the fila- 
ment. ‘The other cell is colourless. Thus, at first, there is 

a distinction of base and apex, but this is soon lost. 
Sometimes, when conjugation does not take place, a 
gamete may develop directly into a spore called an 
azygospore. ‘This may be 
AUCCS ane Ds compared with partheno- 

genesis (p. 267). 
aes : aa 
6. It will be readily 
SAM ETANeIS tae that the Spiro- 
ee gyra plant represents the 
THALLUS “= : gametophyte. ‘Thereisno 
(GAMETOPHYTE) sporophyte, and therefore 
; wcll no alternation of genera- 
BAG: 2G TR ATU CA A EES One OF tions. ‘I'he zygospore, int 
stead of giving rise to a 
purely asexual plant, produces a new gametophyte. The 
life-history is graphically represented in fig. 228. 


UnotTurix ZonatTa, 


§ 7. Structural Characters. This is a bright green Alga, 
masses of which are commonly found, in spring and early 
summer, in running streams, fountains, cattle-troughs, etc. 
The individual plant consists of a simple, unbranched 
filamentous thallus, attached to stones or other substratum 
by a clear, colourless root-cell (fig. 229, a). It thus shows 
a distinction into base and apex. 

The tilamentis extremely slender, and consists of numerous 
small short cells placed endon end. The growth of the fila- 
ment is effected by the elongation and division of all its cells. 

Kach cell has a primordial utricle, containing the nucleus 
and a ring-shaped chromatophore with numerous pyrenoids, 
and enclosing a vacuole filled with cell-sap. The chroma- 
tophore is placed transversely about the middle of the cell, 
forming as it were a zone or girdle to the vacuolo—hence 
the name JU. sonata, ‘ 
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§ 8. Reproduction. The plant is the gametophyte.* The 
sexual process is isogamous. The zygospore does not directly 
reproduce the gametophyte. It gives rise to a very minute 
plant, a rudimentary j 
sporophyte, in which are 
developed a number of 
motile spores called 
zoospores, from which 
the new gametophytes 
are produced. Thus 
there is an indication 
of an alternation of 
generations. he game- 
tophyte also reproduces 
itself asexually—chiefly 
by means of special 
motile protoplasts called 
zoogonidia. We must 
now consider these pro- 
cesses in detail. 





§ 9. Asexual Repro- 
duction. The zoogonidia 
are also called zoospores 
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(ormegazoospores). Be- ROOT ___ 
fore proceeding further ~ PROCESS 
it will be well to under- Fig. 229.—Urnornrix Zonata. 


stund what they really A, Young plant; B, 0, Zoogonidias D, Forma- 
4 tion and escape of gametes ; If, #, Conjuga- 
are. Iu many Algze (r ed tion; G, Rudimentary sporophyte. — 
seaweeds and others) re- 
productive cells of a similar nature are produced, but being 
non-motile they are called gonidia not zoogonidia. ‘These 
gonidia and zoogonidia, being specialized reproductive cells 
capable of giving rise to anew organism, are spores. They are 
produced, however, on the gametophyte, and directly repro- 
duceit. In these respects they differ from the spores of tho 


* It is by no means certain that what is here termed a ‘‘gametophyte”’ 
corresponds phylogenetically to the gametophyte of the Vascular 


Cryptogams. 
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higher plants (p. 266), which are produced on the spore- 
phyte, and give rise on germination to a gametophyte. 
‘This is why they have received the special name ‘‘gonidia.”’} 
Similarly, the organin which such spores are formed is called 
a gonidangium, just as the organ in which the spores of 
higher plants are developed is called a sporangium. 

In Ulothrix any cell of the filament may function as a 
gonidangium (fig. 229, bs). It may produce one, two, four, 
or occasionally eight zoogonidia. If one, the greater part 
of the contents are simply rounded off (rejuvenescenre, 
p. 89) to form it; if two, the coutents are first divided 
transversely ; if four or eight, there are further longitudinal 
divisions. 

The zoogonidia (fig. 229, n, c) are set free by the rupture 
of the wall of the gonidangium. Each is a pear-shaped pro- 
toplasmic body with a single nucleus. The clear, pointed 
anterior end bears four cilia, and has a red pigment-spot 
(called the “‘eye-spot’’), and a contractile vacuole, 7.c. a 
vacuole which alternately expands and collapses. The 
rounded posterior énd contains the chromatophore. The 
zoogonidium swims about actively for an hour or two by 
means of its cilia. It is sensitive to light, moving in the 
direction of light of moderate intensity, away from too 
intense hight. It ultimately settles down, the cilia are with- 
drawn, a cell wall is formed, and a new filament isgradually 
developed. . 

Sometimes in unfavourable conditions of growth, chiefly periods of 
drought or similar conditions, the filaments break up into groups of 
rounded cells which can multiply by division. These were formerly 
mistaken for a distinct Alga, and called Palmella. It may he spoken 
of as the palmella-stage of Ulothrix. On the return of favourable 
conditions, the cells either germinate directly or give rise to 


zoogonidia, It may be considered as another method of asexual 
reproduction. 


t We have seen however, that certain fern prothalli can reproduce 
themselves by means of spores produced in sporangia which are identi- 
cal with those of the sporophyte (p. 267). Hence gametophytes also may 
reproduce themselves by means of spores ; and since we may regard the 
Thallophyta as plants in which no definite alternation of generations 
has as yet been developed, and in which therefore the gametophyte and 
sporophyte generations lie dormant in each individual plant, it is not 
absolutely necessary to give these spores any special name. 
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_ § 10. The Sexual Cycle. Any cell may function as a 
gametangium. The gametes (fig. 229, p) are ciliated 
motile protoplasts (planogametes—+.c, wandering gamotes). 
They are also termed mzerczoospores, Except that they are 
smaller, and bear only two cilia, they resemble tho zoogon- 
idia or megazoospores. ‘I'he gamectangium may produce 
eight, sixteen, or thirty-two of thom. They are developed, 
set free, and move about in the same way as thezoogonidia. 
If two gametes from different gametangia meet, conjuga- 
tion takes place (fig. 229, n, r). The gametes become 
attached by their cilia; the clear pointed ends fuse first, 
and then the gametes come to lie side by side and 
fuse laterally. The two nuclei fuse together. The 
zygospore, when first formed, has four cilia, but these 
are soon withdrawn, and a cell-wall is formed. Jf the 
gametes fail to conjugate, they can germinate directly like 
zoogonidta. 

The zygospore germinates and a clear process resembling 
a root-hair is given 
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and gametes, which, as already explained, are also called 
zoospores. The graphical representation of the life- 
history given in fig. 230 will make this clear. 


11. Origin of Sexuality. A careful consideration of the fact 
that the gametes may germinate like the zoogonidia or megazoospores 
inevitably leads to the conclusion that they have been derived from 
the latter—that they, in fact, are zoogonidia in which the tendency to, 
and capacity for, conjugation has been evolved. On the view that 
conjugation means increased vigour and vitality, we can understand 
how this tendency would be evolved. In Ulothrix, however (and 
some other Alga), it is scarcely a fixed hereditary character; the 
gametes may still germinate without conjugation, although they 
usually form weaker plants. Parthenogenesis probably represents a 
trace of this in higher types. 

Similar reasoning with rcgard to the zoospores produced from the 
zygote might also lead to striking conclusions. It may be that, in its 
first beginnings, the sporophyte was simply a reduced gametophyte— 
a gametophyte reduced to the condition of an organ producing asexual 
spores and nothing else. But this is too abstruse a subject to be dis- 
cussed here. 


VAUCHERIA. 


§ 12. Structure. Most of the species of this green Alga 
grow in fresh water, or on the damp surface of the soil. 
A few species are marine. JV. sesstlis and V. terrestris are 
commonly found, mixed with other Algae and the protone- 
mata of mosses, in the form of a green tangled felt on the 
damp soil of neglected flower-pots. 

The thallus (fig. 231, c) consists of long, rather coarse, 
tubular threads, branched at considerableintervals, andfixed 
by means of a branched colourless root-process. ‘he tubes 
are non-septate, z.c. they are not divided by cell-walls into 
distinct cells. Septa, however, are formed in connexion 
with the development of reproductive organs. The cellulose 
wall of each tube has a continuous protoplasmic lining. 
A vacuole filled with cell-sap runs up the middle of the 
tube. In the outer region of the protoplasm there are 
numerous oval chloroplasts, and large numbers of small 
nuclei are found in the layer internal to this. Small re- 
fractive oil-globules are associated with the plastids. Itis 
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interesting to notice that usually no starch is present; 
here the storage product of metabolism is oil. Vaucheria 
was formerly described as a unicellular Alga. The branched 
tubes, however, are not cells, but coenocytes ; here we have 
a good example of ccnocytic structure (p. 89). The 
branches of the coenocyte exhibit apical growth. 


§ 13, Asexual reproduction is commonly effected by means 
of zoogonidia. In the formation of a zoogonidium the apex 
of a branch swells up and becomes club-shaped (fig. 231, a), 
owing to the aggregation of protoplasmic substance in it. 
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Fig. 231.—VAvucHERIA. 


A, B, The zoogonidium:; C, Young plant formed from zoogonidum; 
, H, F, Sexual organs. 





This club-shaped body, which is the gonidangium, is 
separated from the rest of the tube by a distinct septum. 
It ruptures at the apex, and the protoplasmic contents 
escape as a zoogonidium. The opening is very narrow, 
and, as the protoplasmic body makes its way out, it is 
frequently constricted and divided into two zoogonidia. 
The zoogonidium (fig. 231, B) is a large oval body which 
cau be seen by the naked eye. It shows a central region, 
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the endoplasm, containing numerous chloroplasts, and a 
clear outer region, the ectoplasm, with numerous small 
nuclei. Evidently it also is coenocytic and not a single 
protoplast. It might be called a szoscwnocyte. It is 
covered with cilia, a pair being developed opposite to each 
nucleus. (In some plants allied to Vaucheria numerous 
zoogonidia are produced, each having one nucleus and two 
cilia.) The zoogonidium, after moving about for a short 
time, develops a cellulose wall and comes to rest. The cilia 
are withdrawn, and germination takes place. ‘Two tubes 
grow out. One branches and produces the colourless root- 
process, the other develops into the green tubular thread. 

Some species of Vaucheria (not V. sessilis) produce gonidia or non-mo- 
tile spores. The apex of a tube or short lateral branch swells up and 
becomes more or less globular. ‘This body, the gonidium, is cut off by a 
septum, and germinates directly without producing a zoogonidium, 
Sometimes the gonidium is formed in this outgrowth by rejuvenescence 
and the formation of a new cell-wall (fig. 231, @). 

In unfavourable conditions, such as conditions of drought, the tubes 
may become septate.. ‘They are divided up into short cells which 
develop thick walls. When first seen, this was mistaken for a distinct 
Alga and called Gongrosira, It is now called the gongrosira condition 
of Vaucheria. It is a resting, protective condition. On the return 
of favourable conditions the cells of the gongrosira germinate and pro- 


duce new plants. This may be considered as a purely vegetative 
method of reproduction. 


§ 14. Sexual reproduction isheterogamous (fig. 231, p—¥). 
Themale organis an antheridium; the female organ is called 
the oogonium. They arise as outgrowths, either of the tube 
itself (V. sesstls) or of a special short branch, and are 
both borne on the same plant. The number of oogonia 
and antheridia associated together varies in the different 
species. In JV. sessil’s there is frequently one antheridium 
between two oogonia. 

‘The outgrowth which becomes the antheridium contains 
numerous chloroplasts and small nuclei. As development 
proceeds the nuclei aggregate in the central region of the 
protoplasm and give rise to a large number of very minute 
biciliate spermatozoids. The chloroplasts pass to the base 
of the outgrowth, and are cut off by a septum from the 
portion containing the spermatozoids, which is the anther- 
idium proper. When fully formed the antheridium is a 
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colourless tubular structure curved like a horn Cp et 
ruptures at the apex, and the spormatozoidsare set free (B,F). 

The outgrowth which forms the oogonium at first 
contains numerous nuclei in addition to chloroplasts. One 
nucleus passes to the centre of the protoplasmic mass, and 
becomes the nucleus of the oosphere ; the others pass back 
into the tube. The oogonium is then separated off by a 
septum. A little protuberance or beak appears near tho 
epex. It bursts open and a small portion of the proto- 
plasmic contents is given off (p). The rest of the contents 
form the oosphere, which contains numerous chloroplasts. 
It shows a clear spot—the receptive spot—near the 
beak where the protoplasmic vesicle was given off. The 
fully formed oogonium is sessile, and more or less ovate in 
form. It has a simple cellulose wall and contains one 
oosphere. It is a much less complex female organ than the 
archegonium. 

Fertilization is effected by a spermatozoid entering the 
ovum at the receptive spot, and fusing with it. The 
oospore develops a thick wall and enters on a period of 
rest. When it 
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about Vaucheria is tho association of highly differentiated 
sexual organs with a very simple vegetative body. ‘The 
life-history is graphically represented in fig. 232. 


Fucus. 


§ 16. General Appearance and Habit. Fucus is one 
of the brown seaweeds, and it includes several common 
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species differing in certain minor characters. The bladder- 
wrack (Ascophyllum nodosum) so common on our coasts 1s 
a closely allied plant. Fucus is one of the larger forms 
of Algee. When full-grown, the plant consists of a 
basal, branching, root-leke organ of attachment, a straight, 
cylindrical stalk-like portion, and a dichotomously branched 
membranous expansion (fig. 238). The vegetative body is 
essentially thalloid, although 
in the organ of attachment 
there is a distinct indica- 
tion of the differentiation of 
root from shoot. It should 
be noticed, however, that 
the root-process is simply 
a fixing organ; it has no 
absorbing function. Run- 
ning up the middle of each 
flattened lobe of the thallus _ 
is a sort of midrib, due to 
the thickening of the tissue 
_ inthatregion. Inthe older 
» parts of the thallus the 
marginal portion dies away 
and leaves only the midrib. 
This is the mode of origin of 
the cylindrical stalk which 
represents the persistent 
thickened midrib of the older 
Fig. 233. Brancu or Fucus part of the thallus. A dis- 
PLATYCARPUS. stinct stalk is not recog- 

nizable in the young plant. 

Fucus inhabits the zone between low and high tide- 
marks. It is exposed at low tide, covered at high tide. It 
is interesting to notice how well the structure of the plant 
is adapted to this habitat, where it is exposed to the full 
force of the waves. The strong fixing organ attaches the 
plant to rocks, etc., and prevents it from being washed 
away. It is preserved from injury by the pliant nature of 
its stalk, and the yielding, flattened character of its 
branches. Some species (F. vesiculosus) are rendered still 
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more buoyant by the development of air-bladders—hollow 
dilatations of the thallus filled with air. The plant is 
saved from excessive desiccation, when exposed between 
tides, by the mucilaginous character of its tissues. 

If we examine the apices of the branches at certain 
periods it will be found that they are covered with small 
papillee, and are more or less swollen (fig. 233). ‘These 
papille mark the position of internal flask-shaped cavities, 
called conceptacles, in which the sexual organs are deve- 
loped, and hence protected by being enclosed in the 
tissue of the thallus. 


§ 17. Structure and Growth of the Thallus. A section, 
passing through both surfaces and taken at any part of the 
thallus, will show that a central or medullary region of 
tissuc can be distinguished from an outer or cortical 
region on each side (fig. 234). The outermost layer of 
the cortex (outer limiting layer) resembles an epidermis, 
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Fig. 234.-—FUCUS PLATYCARPUS. 
(Transverse section, through a conceptacle.) 


but it is quite different from a true epidermis. Its cells 
are meristematic and by division give rise to new cortical 
cells. This is the assimilating region of the thallus. The 
subjacent cells are parenchymatous, with distinctly pitted 
walls; they constitute the cortical parenchyma. It is 
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the storage region of the thallus. No starch is formed 
in Fucus. The product of metabolism is a carbohydrate 
somewhat resembling starch, but which is not stained blue 
by iodine. The medulla consists of an interlacing net- 
work of filaments or hyphee embedded in a clear mucila- 
ginous matrix. The filaments are divided at intervals by 
septa. It is a tissue in which the cell-walls, to a large 
extent, have become mucilaginous. ‘lhe rows of cells still 
enclosed in the inner layers of their cell-walls constitute 
the filaments. The medulla is essentially the conducting 
tissue of the plant. In many of their characters tho ky phe 
resemble sieve-tubes, and in Laminaria, a large Alga 
closely allied to Fucus, distinct sieve-tubes are developed. 

In the older parts of the thallus there is a similar struc- 
ture, but the outer limiting. layer is lost, and the cortical 
parenchyma by meristematic activity gives rise to secondary 
increase in thickness. This can be observed in the region 
of the stalk. The hyphee of the medullary region also 
increase in number. 

At each growing point of the thallus there is a row or 
group of apical cells, each of which assumes the form of 
a four-sided truncated pyramid. The segments from the 
bases of these cells form medullary hyphe, those from the 
sides form mainly cortex. At each branching the apical 
cells separate into two similar groups (true dichotomy). 

From a study of Fucus alone, the student will recognize 
that in Algze the gametophyte may be highly differentiated. 
But some of the allies of Fucus exhibit much greater 
complexity. Thus. the well-known Sargassum, which gives 
the name to the Sea of Sargasso, where it occurs in great 
abundance, exhibits a considerable amount of differentia- 
_ tion, and the occurrence of sieve-tubes in Laminaria has 
already been mentioned. 


§ 18. Reproduction. There is no special method of 
asexual reproduction in Fucus, but sometimes adventitious 
branches, formed at the base of the thallus by the activity 
of the cortical meristem, may be separated off and form 
new plants. There is abundant sexual reproduction. The 
plantis the gametophyte. The sexual organs are contained 
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in the conceptacles mentioned above. Each conceptacle 
(fig. 234) opens on the surface of the thallus by a minute 
aperture called the ostiole. Numerous multicellular hairs 
are developed from the cells lining the conceptacles. Many 
of these form paraphyses ; others bear the sexual organs. 
In the development of a conceptacle one or several 
“superficial colls of the thallus ceasc to grow and become 
disorganized. The surrounding tissue grows vigorously, 
and soon encloses a flask-shaped cavity. 


§ 19. The sexual organs (figs. 234, 235) are antheridia and 
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Fig. 235.--FUCUS VESICULOSUS. 
A—D, Sexual organs; E, Fertilization; F, G, Embryo. 


oogonia, The antheridia are borne in clusters, and represent 
the finer branchesof much-branched hairs. Kachantheridium 
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is developed from a single cell. When fully formed it is a 
small, oval, orange-coloured sac, the wall of which consists 
of two thin membranes called the intine and exine. The 
contents have undergone division to form a large number 
(64) of small spermatocytes from which the biciliate spermato- 
zoids are developed. The cilia are developed laterally, and 
each spermatozoid has an orange-coloured chromatophore 
(or two). The oogonium is a much larger, dark-coloured 
structure. It also is developed from a single cell. It is 
borne on a short unicellular pedicel representing an abbre- 
viated hair. Its wall also consists of zntime and exine and 
its contents divide to form eight oospheres. 

The plants are usually diecious, e.g. LF. vesiculosus, 
recognized by its bladders, and J. serratus, recognized by 
its serrate margin; but in J’ platycarpus (figs. 233, 234) the 
sexual organs are borne on the same plant and in the same 
conceptacle, 


§ 20. Fertilization (fig. 235, =). When the spermatozoids 
and oospheres are ripe, the antheridia and oogonia become 
detached. The exine is ruptured (8), and the contents, 
enclosed in the intine, move towards the ostiole. This 
generally takes place when the plants are exposed at low 
tide. The hairs of the conceptacle secrete a mucilaginous 
substance. This oozes out of the ostiole, carrying with it 
the sacs of spermatozoids and oospheres. When the tide 
rises again the intine is ruptured, and the spermatozoids 
and oospheres are set free into the water. Spermatozoids 
cluster round each oosphere, which is thereby caused to 
rotate. Finally, one spermatozoid enters and its nucleus 
and cyptoplasm fuse with those of the oosphere. 
The resulting zygote is the oospore. 


§ 21. Germination of the Oospore (fig, 235, F, 4). 
Without any resting stage, germination takes place. The 
oospore becomes pear-shaped, and is divided by a wallinto 
a pointed basal cell and a rounded apical cell. The basal 
cell sends out a number of rhizodds which fix the young 
plant and become wefted together to form the root-disc; 
the upper cell, by further division, gradually develops into 
the thallus. There is no alternation of gonerations. 
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§ 22. Differentiation of Sex. In connexion with the life-history of 
Ulothrix we recognized the probable origin of gametes and the evolu- 
tion of sexuality. In Ulothrix, however, the gametes are similar, 
and, further, sexuality is not completely established. In another 
(brown) Alga, Kctocarpns, the gametes are also similar and sexuality 
is imperfect, but some of the gametes are less active and come to 
rest sooner than others. In some species of Ectocarpus, and in 
Cutleria (another brown Alga), the gametes are of two sizes. The 
larger ones are less active and come to rest sooner than the more 
active smaller ones which fuse with thom. Here we have a sories of 
Algal types which enable us to trace the probable evolution of sexual 
differentiation. The larger gametes are undoubtedly female. 
Their larger sizo and more passive character probably originated 
in a more abundant storage of food-material, making better 
provision for the embryo plant. We have the next stage in Fucus. 
Here the gametes are fully differentiated and the ovum is not ciliated. 
But both gametes are set free inlo the water. 'Vhis is a striking 
feature in the life-history of the Fucaceew. The next step in the 
evolution is to the stage where the female gamcte is retained in the 
female organ. 


§ 23. Relationship of the Alge to the Higher Plants. The Algw 
are an interesting group, supplying many facts which help towards 
the elucidation of important problems. Amongst them there are 
many divergent lines of evolution, four of which are illustrated by 
our types. Along most of these lines we recognize a gradual transition 
from isogamous to heterogamous reproduction. ‘There can be no doubt 
that the primitive ancestors of the Bryophyta and Pteridophyta were 
evolved from primitive Algal forms; but here the gap is too wide for 
us to bridge over. All that we can say is that the evolution of the 
sporophyte followed the line of adaptation to aerial conditions, and 
that those forms of Algw which have a rudimentary sporophyte 
show, amongst living forms, closer affinities than others to higher 
types. 


CHAPTER XXI. 
THE FUNGI. 


§ 1. THe Fungi constitute the second Class into which 
the Thallophyta are subdivided. They are readily 
distinguished from the Alge by the want of chlorophyll; 
chromatophores and starch also are entirely wanting. ‘Lhis 
by «self would not be a sufficient reason for separating the 
two classes. If this were all we might, with equal reason, 
separate those few Flowering Plants which have no chloro- 
phyll from the rest, The Fungi, however, as a whole, are 
further distinguished by special characters in their structure, 
development, and life-history. 


§ 2. The Mycelium. ‘The typical vegetative structure of 
the Fungi is a filamentous and much-branched thallus 
called a mycelium. The filaments or threads, of which the 
mycelium consists, are called hyphe. Sometimes we find 
more massive structures, more especially in the parts bear- 
ing the reproductive organs. When. we examine these, 
however, we find that they consist of hyphs woven 
together so as to form a false tissue, ¢.¢. a tissue formed, 
not by the division of cells all originally connected with 
each other (true tissue), but by the interweaving of separate 
hyphee. Occasionally, in very degenerate forms like yeast, 
the plant consists of separate cells. The mycelium (or its 
hyphe) may be septate or non-septate; in most cases it is 
coenocytic. Even where it is septate the different segments 
often contain several nuclei, and are hence coenocytic cells. 
Their walls do not consist of ordinary cellulose, but of a 
substance called fungus-cellulose, which is not stained blue 
by iodine and sulphuric acid. 
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§ 3. Nutrition. The nutrition of fungi is quite different 
from that of ordinary green plants. Having no chlorophyll 
they can make no use of the carbon dioxide of the atmo- 
sphere. They derive their carbonaccous food-matorial 
from complex organic compounds which thoy obtain from 
external sources. This also, to a large extent, applies to 
the absorption of nitrogen. Fungi, however, can assimi- 
late comparatively simple compounds of nitrogen; but 
they prefer ammonium compounds, ¢.g. ammonium tar- 
trate, to nitrates. Altogether their food-matcrials are less 
complex than those of animals. 


§ 4. Mode of Life. Fungi may live either as parasites 
or as saprophytes. Some are not confined to onc mode of 
life, but may live as parasites or as saprophytes, according 
to circumstances. In a parasitic fungus the hyphae may 
penetrate the living cells of the host, or simply ramify 
between the cells. The power of penetrating and dis- 
organizing cell-walls which such hyphae trequently possess 
is due to the secretion of a ferment which acts on cellulose. 
The hyphw of a saprophyte ramify through decaying 
organic substance or grow immersed in organic solutions. 
The whole of the mycelium may be absorptive, but some 
parasites, whose hyphe ramify between the cells of the 
host, develop special absorbing organs, called haustoria, 
which penetrate the cell-walls and enter the cells. 


§ 5. Reproduction and Life-History. There can be no 
doubt that the Fungi were originally derived from Algal 
forms, and that their evolution has, from this original 
starting-point, taken place along a special line. We may 
suppose that the primitive ancestral types were simply 
Algze which assumed a dependent mode of life, and lost 
their chlorophyll. As supporting this view, we find that 
one large group of Fungi bear a very close resemblance to 
greon Algi like Spirogyra or Vauchoria. Their reproductive 
organs are very similar, and frequently also their general 
structure presents a close resemblance. It is only in this 
particular group that undoubted sexual organs are met with 
nmougst the Fungi. The other groups of Fung: diverge 
widely from the Aige, aad present very special characters, 
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while only in one of these groups do we find anything re- 
sembling a sexual process. Sexuality has been lost in the 
more specialized groups of Fungi; their reproduction is 
entirely asexual. This, together with their low organiza- 
tion, is a mark of degeneracy, and this degeneracy is to be 
ascribed to their mode of lite. 

Amongst the Fungi we recognize that there has been a 
gradual adaptation to aerial conditions, becoming very 
perfect in the higher groups. Evidence of this is found 
in the fact that, even in the group in which sexual organs 
are developed, the gametes are not ciliated; and also in the 
fact that in the other groups the “spores” or gonidia, 
which are called conidia when they are cut off from a 
hypha, are eminently adapted for transport through the air. 

The plant may be regarded as representing the game- 
tophyte, although in the higher groups the sexual organs 
have been lost (but see footnote, p. 335). There is no dis- 
tinct alternation of generations. At most there is but an 
indication of a sporophyte in some of the sexual forms. 

The types whose structure and life-history we now 
proceed to describe, will serve to illustrate most of the 
above points. 


Pyruiom. 


§ 6. Structure and Mode of Life. If large numbers 
of cress-seedlings (Lepidium sativum) are grown together 
under very moist conditions, it is found that they become 
“diseased.” They fall over, turn pale, and then brown, 
and, finally, begin to rot. The disease begins at certain 
points, and spreads in circles. It is spoken of as the 
‘‘damping off ” of seedlings, and is caused by the attack 
of a fungus called Pythium de Baryanum, one of the com- 
monest species of Pythium. ‘The fungus attacks the 
seedling near the base, and begins to eat into its tissues, 
penetrating upwards into the stem and downwards into 
the root. The disease can be stopped at an early stage by 
admitting abundant light and air, for Pythium can live 
only under moist conditions. If the moist conditions are 
maintained, the hyphe of the fungus extend from one 
seedling to another until they are all reduced to a blackened 
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rotting mass, covered by dense white felts of mycelia like 
spider’s web. The fungus, beginning as a parasite, con- 
tinues to live as a saprophyte. Other species of Pythium 
attack seedlings in the same way; some live normally as 
saprophytes. 

The mycelium of Pythium (fig. 236) is a much-branched, 
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Fig. 236.—Pxytuium. 
Epidermis of a plant attacked by the fungus. 


non-septate coenocyte (cf. Vaucheria). Its protoplasm con- 
tains numerous small nuclei and oil globules. The hyphee 
may eat right through the cells of the host or ramify 


between them. 


§ 7. Asexual Reproduction (fig. 236). If a diseased 
seedling is placed in a watch-glass in water and kept under 
observation, it will be found that the ends of some of the 
hyphe, which grow out from the surface of the plant, or 
of small branches of these, swell up and become globular. 
These globular swellings, due to aggregation of protoplasm 
in them, are cut off by distinct septa. ‘They are asexual 
reproductive organs. ‘Lhey produce uew mycelia in two 
ways, according to the conditions under which they are 
developed. Sometimes, if there is scarcity of water, they 
function as “spores” or conidia, and cach without being 
set free sends outa germ-tube which grows into a mycelium 
directly. At other times, when there is abundance of water, 
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they function as gonidangia (also called zoosporangia), 
Kach (fig. 237, a-e) develops a little protuberance which 
expands to form a round thin-walled vesicle into which the 
protoplasmic contents pass, ‘I'hese divide into a number 
(9 or 10) of zoogonidia (also 
called zoospores, see p. 335), 
which are set free by the rupture 
of the wall of the vesicle. The 
zoogonidium is a very minute, 
colourless body with two cilia. 
After moving about for about a 
quarter of an hour it comes to 
rest, withdraws its cilia, rounds 
itself off, and forms an investing 
wall. A hypha is then sent 

ss out, which makes its way into 
Fig. 237.Gonrpancium or  anotherseedling, either by boring 
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sinueu actus preiecten Uh through the wall of an epidermal 
zoogonidia. cell or by means of a stoma. 


The production of zoogonidia 
is a distinct resemblance to what we find in the Alga, but 
there is an indication of adaptation to aerial conditions 
in the fact that the reproductive bodies may germinate 
directly. 


§ 8. Sexual Reproduction (fig. 238). ‘I'he female organ 
is an oogonium. It may be formed on the end of a 
hypha (terminal), or on the course of a hypha (inter- 
calary), either outside the seedling or in the tissues of the 
seedling. It arises asa globular swelling of the hypha, 
and bears a close resemblance to the asexual reproductive 
organ. It is cut off by a septum from the rest of 
the hypha. At first the protoplasmic contents have 
many nuclei, but soon a central region containing one 
nucleus, constituting the oosphere, is marked off from 
a peripheral region, called the periplasm, containing the 
other nuclei. The male organ, called the pollinodium, 
is developed on a branch which arises either on the same 
hypha as the oogonium, or on another hypha. It is 
separated off by a distinct septum, and its protoplasmic 
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contents are differentiated into a central portion, the male 
gamete, and a peripheral periplasm. The male gamete 
has no cilia, and for this reason the male organ is usually 
called a pollinodium and not an antheridium. By some, 
ESSE, it is called the anthor- | 
ees , OOGON, O- N 
The pollinodium is more or fe a 2 “or : ch 
less club-shaped. It applies 
itself closely to the oogonium 
and develops a tubular process, 
the fertilization-tube, which 
pierces the wall of theoogonium : 
and carries the male gamete PERIPLASM 
to the ovum. This process can ae 
be readily observedin Pythium. 
The fertilized ovum formsa thick 
wall and becomes the oospore. 
The outer layer of the wall is 
formed from the periplasm. 
The sexual organs and Fig. 288.—-Srexuas, Rerrovuction 
IN PywHivm. 
oospores are produced after the 5, putitization; D, Germination 
asexual organs, when the con- of oospore. 
ditions for rapid growth and 
reproduction by asexual methods are becoming unfavour- 
able. The oospores are essentially resting spores. They 
remain inactive during the winter and germinate in the 
following spring. ‘his is why seedlings grown on the 
same ground as seedlings attacked the previous year are 
so liable to the disease. If the conditions are favour- 
able the oospore sends out a hypha which directly develops 
into a mycelium ; if unfavourable, the oospore either fornis 
a number of small zoospores directly from its protoplasm 
or sends out a little tube or hypha, called a promycelium, 
in which zoospores are developed (fig. 238, p). ‘he zoo- 
spores precisely resemble the zoogonidia and germinate in 
the same way. The promycelium has been considered to 
represent a veryrudimentary sporophyte, but this is highly 
problematical. Where it is not developed the oospore in 
itself, or together with the zoospores it produces, may be 
supposed to represent the sporophyte (fig. 239). 


Bot. 
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§ 9. The close resemblance between the structure of the 
mycelium and the reproductive organs of Pythium, and 
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ZOOSPORE OOSPHERE 3GAMETE 
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OOGON. POLL” 


MYCELIUM ys 
(GAMETOPHYTE) 
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OR 
ZOOGONIDIUM 


Fig. 239.— Graruicat, Lirk-HistTory or Pyrurum. 


the thallus and reproductive organs of Vaucheria, should 
be carefully noticed. Pythium belongs to the group of 
Fungi which approaches nearest to the Alge, and in 
which the adaptation to aerial conditions is very imperfect. 


EvRorium. 


10. Habit and Structure. Eurotium is a saprophyte. 
It lives on decomposing organic substance. It is frequently 
found on the surface of mouldy bread, damp fruit and 
vegetables, preserved fruit, etc, and belongs to the 
familiar group of Fungi known as moulds, which form 
filamentous growths on the-substances on which they live. 
If a piece of dry, stale bread be kept under a bell-jar, one 
of the commonest species, Hurotium Aspergillus-glaucus, a 
green mould, will be found. At first, before the repro- 
ductive bodies are developed, the mould is white; but when 
it enters on the reproductive stage it assumes a greenish 
colour. 

The mycelium (fig. 249) consists of a tangled mass of 
hyphe ramifying in and on the surface of the nutrient 
substratum. It is much branched, and the hyphe are 
divided at intervals by transverse septa. Each segment of 


THE FUNGI 385 


a hypha contains a mass of granular vacuolated protoplasm, 
with several nuclei and oil globules. The structure is 
coenocytic. Starch and plastids are wanting. The hypha 
which ramify beneath the 


surface absorb nutrient oe B Ba 
. ms e 
organic substance. BAB BBS O. 
OO OQAQW REFS oO 
DBO Sao p oy 


§ 11. Asexual Repro- omerwwisccso 
duction (Fig. 240). From coo=sy kegeaor0 
the mycelium numerous AS SEO 
straight and, as a rule, ‘, CONIDIA 
non-septate branches pass STERIGMA 
up into the air. Each is 
given off from a hypha, 
usually at a point immedi- 
ately behind a septum. 
These branches bear the 
asexual ‘‘spores,’’ or 
conidia (gonidia), and are SOL (ye 
therefore called conidio- : See 
phores (gonidiophores). Co eeaeK a 
The head of each conidio- =<" = ies 


CONIDIOPHORE 


_— 


phore swells up and be- = —\{ “2% 
comes spherical. On this roe 

: : CELNIM 
spherical head arises @ 5. yyy , 

: g. 240.—Evrotivm. Mycknhivm anp 
large number of peg-like Coniineaons, 
outgrowths called sterig- 
mata. From the apex of each sterigma as it elongates 
conidia are separated by abstriction one after the other. 
In this way rows or chains of conidia are formed on the 
sterigmata; the oldest conidia are at the apex of each 
row. The conidia are small oval bodies with a greenish 
colour and more or Jess spiny surface. ‘Their protoplasm 
contains a nucleus and oil-globules, and they have two 
coats, exosporium and endosporium. ‘These conidia are pro- 
duced in enormous quantities, and are very readily carried 
through the air. It is because they are always present in 
the atmosphere that decaying substances so readily become 
infected with the fungus. On reaching a suitable sub- 
stratum they germinate in the usual way, and produce 
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new mycelia directly. They will germinate very readily 
in a weak decoction of plum juice. By means of these 
conidia rapid and extensive multiplication is possible. 


§ 12. Sexual Reproduction (fig. 241). In Eurotium the 
same mycelium which has produced conidia eventually 
bears sexual organs. The female organ is called an 
archicarp or ascogonium. It differs from the female 
organs we have already become familiar with in that its 
protoplasm is not rounded off toform an ovum. The male 
organ isa pollinodium. In the development of the archi- 
carp the end of a hypha becomes coiled, at first loosely, 
but later very closely. This tightly packed spiral organ, 
consisting of four or five coils, is the archicarp. In 
Eurotium it is at first non-septate. Several slender 
branches arise from the hypha beneath the archicarp. 
One of these develops faster than the others, and arches 
over to the apex of the archicarp. It is the pollinodium; 
like the archicarp, it is non-septate. It has been supposed 
that fertilization is effected by the contents of the pollino- 
dium passing into the archicarp, but the actual process of 
transference has not been seen, in spite of the most 
careful examination. The other branches arising below 
the archicarp are sterile. At first few in number, they are 
afterwards numerously developed. They wrap round the 
archicarp, and, by interweaving and septation, give rise to 
a false tissue (pseudo-parenchyma), completely enclosing 
it. This false tissue sends in hyphal branches between 
the coils of the archicarp, and thus gives rise to a “filling 
tissue”? which separates the coils. The fertilized (?) 
archicarp becomes septate and develops small outgrowths, 
the ascogenous branches, which penetrate into the false 
tissue. The ends of these outgrowths are cut off by septa 
and form unicellular sporangia called asci. ach ascus is 
oval in form, and, by a process of free cell-formation, 
gives rise to eight spores called ascospores. The 
peripheral protoplasm of the ascus (epiplasm) is not used 
up in the formation of ascospores. It contains a large 
quantity of a carbohydrate called glycogen, serving for the 
nourishment of the spores. During the development of 
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the asci the whole of the central “filling tissue” is dis- 
organized. Thus, from the archicarp and the investing 
sterile hyphe, a sporocarp has been formed. The wall of 
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Fig. 241.—Evrotium. DrvkLoPpMENT OF SPOROCARP AND ASCOSPORES. 


the sporocarp consists of small-celled pseudo-parenchyma, 
and encloses a number of eight-spored oval asci. It is 
also spoken of as an ascocarp. In the ripening of the 
sporocarp only the outermost layer of the wall persists ; 
its cells become dry and firm and covered with an oily 
secretion, whick gives the sporocarp a yellow colour. The 
asci are disorganized, and the ascospores are eventually 
liberated by the bursting of the wall of the sporocarp. 
The ascospore, which was oval when young, is biconvex 
when fully developed. In germination the exosporium is 
ruptured; the endosporium grows out and directly pro- 
duces a mycelium. . 
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§ 13. Eurotium is a type of a large group of Fungi 
called Ascomycetes, characterized by the production of 
asci and ascospores. It is a disputed point whether the 
archicarp and pollinodium are really sexual organs. Some 
would regard the archicarp simply as an organ producing 
another kind of asexual “‘spore’’ or conidium, and the 
supposed pollinodium as one of the sterile hyphe. On 
this view there would be no indication of an alternation 
of generations, and Eurotium would exhibit a form of 
polymorphism quite different from that exhibited in the 
alternation of gametophyte and sporophyte—namely, the 
production at different stages of two kinds of asexualorgans. 
If the archicarp and pollinodium are considered to be 
degenerate sexual organs, which they seem actually to be, 
there is an indication of an alternation of generations. The 
sporocarp would represent the sporophyte; or, rather, the 
asci and ascospores would, seeing that the wall of the 
sporocarp is derived from mycelial hyphe. In support of 
this view there is the fact that in Fungi closely related to 
these moulds—namely, the mildews—there are similar 
organs, and the actual process of fertilization has now been 
observed. Considering the sexual degeneration which is 
characteristic of the higher groups of Fungi, we may con- 
clude that in Eurotium the sexual organs are present in a 
degenerate form, but that the actual sexual process has 
been lost (cf. parthenogenesis). 

§ 14, Penicillium glaucum is a blue mould very similar in habit 
and structure to Eurotium. The apex of each conidiophore, instead 
of being globular, divides into a number of finger-like processes 
bearing the sterigmata. In Penicillium sporocarps are developed 
only in special circumstances—namely, when free access of light and 
air is prevented. Here we have a more advanced stage of sexual 
degeneration,. The conidia of this fungus, if grown in a saccharine 
solution, under certain conditions, give rise, not to a filamentous 


mycelium, but to isolated cells resembling yeast, This is called the 
torula condition, Like yeast, it excites alcoholic fermentation. 


Cuavicers Purpurna (Ercot or Rys, ET¢.). 


§ 15. General Life-History. The life-history of this 
fungus shows three well-marked stages or phases, and 
affords an illustration of the polymorphism which is so 
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common amongst Fungi. (1) The Sphacelia or “Honey 
dew” stage is found on various cereals and grasses. It 
has been most carefully studied in the case of Rye (Secale 
cereale), but it also occurs on Barley, Wheat, ete., and on 
some of the grasses commonly found on roadsides, in 
meadows and in waste places (e.g. Lolium perenne). Tt is 
the active parasitic stage in which the fungus attacks the 
developing pistil, and forms a mycelium which grows 
vigorously and reproduces itself by means of conidia (fig. 
242). (2) The Sclerotium stage is the resting or winter 
stage. In autumn, the Sphacelia forms a hard, slightly 
curved body, of a dark purple or black colour, which pro- 
trudes from between the paleae of the flower, and may 
attain the length of an inch or even more (fig. 244, a). It 
falls to the ground and undergoes no change till the follow- 
ing spring. It was to this body that the name ergot was first 
given in reference to its shape (from O. Fr. argot, a cock’s 
spur). Hard resting bodies of this kind are formed by 
many fungi and are called sclerotia. (3) The ascospore 
stage. ‘The sclerotium or ergot eventually produces a 
number of club-headed structures, called stromata (fig.244,B), 
in which asci and ascospores are developed. From these 
the Sphacelia form again arises. 

At first the connection between these three stages was 
not recognised. ‘They were regarded as distinct fungi and 
received the generic names Sphacelia, Sclerotium, and Clavi- 
ceps* respectively. The last is now taken as the generic 
name of the fungus in all its forms. 


§ 16. The Sphacelia stage (figs. 242, 248). The asco- 
spores, which are peculiar in being very slender and thread- 
like (fig. 247, 3), are liberated just when the flowers of the 
host plants are appearing. They are carried to the flowers 
by wind and there germinate. In the process of germina- 
tion little swellings appear on the ascospore, and at these 
points the germ-tubes are developed. ‘They pierce through 
the epidermis and make their way into the tissue at the 
base of the young ovary. The mycelium which is rapidly 


* Latin clava, a club, 
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developed consists of septate hyphe. It not only ramifies 
in the tissue of the ovary, but also, after a time, spreads 
over its surface and envelops the greater part of it witha 
dense white covering of interwoven hyphz, showing 
numerous folds and convolutions. This investment is the 
conidiophore. The free ends of the hyphe become slightly 
swollen, and form sterigmata from which small oval 
conidia are successively abstricted (fig. 242). The conidia 
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Fig. 242.—Cravicers (SpHacknta STAGR). 
Section of Conidiophore. 


are developed in great numbers, and are embedded in a 
sweet and somewhat viscid fiuid which is formed by the 
disorganisation of the outer layers of the walls of both 
hyphee and conidia. This fluid is called ‘honey-dew”’ and 
its appearance on rye and other crops is a source of anxiety 
to the farmer. Flies and other insects are fond of it. They 
are attracted to it by its odour, and by their agency the 
infection is spread to other plants. A conidium carried 
in this way to another flower sends out a germ-tube which 


pierces the base of the ovary and produces another myce- 
lium, 


§ 17. The Sclerotium stage (figs. 243-245). When the 
growth of the mycelinm has continued for a considerable 
time, the mass of interwoven hy phee at the base of the 


THE FUNGI. 861 


shrivelled pistil becomes densely compacted, and forms a 
false tissue which is the beginning of the sclerotium. ‘The 
outer layers of this tissue be- 
come dark-coloured and growth 4 
now goes on actively in this region. tN 
The sclerotium rapidly elongates 
and assumes its curved horn-like 
shape. As it does so it bears at 
its apex the remains of the 
Sphacelia and the pistil (fig. 243), 
and finally these are thrown off. 
The sclerotium or ergot is fully 
formed just when the grain ripens 
It then protrudes from between = [2s:):: 
the paleae, but is easily detached. \u7y 
Unless the crop is harvested {iif 
early, it falls to the ground and Figo 2 ravi 
there remains in a dormant con- Vertical section through de- 
dition till the following spring pone a 
(fig. 244, a). 

If a transverse section of the sclerotium be taken (fig. 
245) it is found to consist of a dense pseudoparenchyma 
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Fig. 245,--Cravicers, 
Transverse section of germinating 
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tium with stromata. ing stroma. 


Fig. 244.—CLAvicrrs. 


formed of fine united hyphe. ‘The outline of the section is 
somewhat irregular and is interrupted in places by fissures 
or cracks. The outer layers are very dark-coloured, » The 
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cells of the central tissue are laden with oil, and also contain 
an alkaloid, called ergotin, and other poisonous substances, 
to which the peculiar properties of ergot are due, 


§ 18. The Ascospore stage. In spring or early summer 
the sclerotia begin to develop their stromata. The process 
can be readily observed if at this time some of them (in 
good condition) be kept half buried in damp clean sand 
under a bell-jar. The first sign of development (it may 
not be till after the lapse of 
several weeks) is the appearance 
of a number of little swellings 
on the surface and sides of the 
sclerotium. Then the dark- 
coloured outer layer is gradually 
ruptured, and the light coloured 
heads of the stromata protrude 
(fig. 245). The development of 
each stroma is due to the out- 
growth of a tuft of hyphae from 
the light coloured inner tissue of 
the sclerotium. Each stroma 
consists, when fully developed, of 

“ a light coloured purplish stalk, 
venting aedion ert, , an inch or more in length, and a 
stroma, showing the peri- rounded head of a light brown or 
vhecla: orange colour (fig. 244,38). Asin 
the case of the sclerotium, the 

hyphae of the stroma are closely interwoven and united, 
and form a false tissue. The head is covered with 
minute papillae, on which are situated the openings 
or ostioles of numerous flask-shaped cavities, called 
perithecia, which lie in the peripheral tissue of the head. 
‘hese perithecia can be readily seen in a_ vertical 
section of a stroma (fig. 246). From the cells in the 
floor of each perithecium are developed a number of 
elongated club-shaped sci, which project upwards 
towards the ostiole (tig. 247, a). The contents of each ascus 
divide to form from six to eight thread-like ascospores 
(fig. 247, B). When the asci are ripe they burst. The 
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ascospores escape through the ostioles, and some of them, 
carried as already described to the young flowers of a grass, 
produce the Sphacelia again. 






OSTIOLE 


ASCOSPORES 





247 —CLAVICEPs. 


Fig. 
A, Section through a perithecium, showing the 
usci; B, A single ascus, ascogpores escaping. 


§ 19. Notes on the Life-History. Jake HAurotiwm and 
Penicillium, Claviceps belongs to the Ascomycetes. It is, 
however, placed in a different division of that class. The 
classification is based on the character of the sporocarp or 
ascocarp (p. 357). In Claviceps it is a perithecium; in 
Eurotium, a cleistocarp, that is, a closed case. 

The life-history of Claviceps is more complicated than 
that of Hurotium, owing to polymorphism. The mycelium 
of Eurotium, after a period of asexual reproduction by 
conidia, produces sexual organs, and is therefore the 
gametophyte. What corresponds to the gametophyte in 
Claviceps is represented by the three forms or stages 
described above. There is, however, in Olaviceps no 
actual gametophyte. There are no sexual organs, and by 
comparison of this life-history with that of other Ascomy- 
cetes, the conclusion is reached that the ascocarps or 
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perithecia are here produced apogamously. A graphical 
representation of the life-history is given in fig. 248. 
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Fig. 248.—Cravicrrs, 
Graphical representation of life-history. 


Tho life-history is also interesting from the fact that 
it exhibits the phenomenon known as Lipoxeny, that is 
the desertion or:.abandonment of host (Gr. ure, to 
abandon, £evos, host). The Sphacelia form, as we have 
seen, is parasitic on rye and other grasses, but the fungus 
then deserts its host, and the resting stage is passed on 
the ground. 

The fungus in all its forms shows remarkable adap- 
tation to the conditions of its existence. The abundant 
productien of conidia and the method of their distribution 
(cf. insect-pollination in flowers) provide for the rapid 
spread of the active Sphacelia form. The sclerotium is 
developed and falls to the ground in time to prevent its 
being removed with the crop. The spores are produced 
just when the grass flowers appear, and by position and 
form are adapted for wind transport. 


Sacciaromyces (= Yrasr). 


§ 20. Habit and Structure. This is the fungus which 
is the exciting cause of alcoholic fermentation in saccharine 
solutions. S. cerevisi@ is the beer-yeast (brewer’s yeast); 
S, ellipsoideus is the species which sets up fermentation in 
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grape-juice in the manufacture of wino. The ycast-plant 
is a saprophyte, and thrives best in saccharine solutions 
containing in addition small quantities of nitrogen- and 
sulphur-compounds. 

The mycelium is not, as in most of the other Fungi, a 
branched filamentous structure, but consists of isolated cells 
or groups of cells (fig. 249). Each cell is more or less oval, 
sometimes almost spherical, and contains granular proto- 
plasm with one or more small vacuoles 
filled with cell-sap. Nuclear substance --WACUOLE 
is present, but can be demonstrated Wy __----- + BUD 


only by special methods of investi- By, 


gation. 
. * Fig. 249.—Yerast-Ceis 
§ 21. Vegetative Reproduction. “s8.vinopeituuenee” 


The common wethod of repro- 

duction is by vegetative budding. If yeast-cells in 
an active state of growth are examined, it is found that 
each gives rise tu a tiny outgrowth which gradually in- 
creases in size, and is finally cut off as a separate yeast- 
cell. This process is known as pullulation or gemmation 
(fig. 249). It differs from ordinary cell-division (of which 
it may be regarded as a modification) only in that a cell is 
not directly divided into two daughter-cells, but that there 
is a gradual growth of a daughter-cell on the parent-cell. 
The daughter-cells, before being separated off, may repeat 
the process, and thus we have the formation of cell- 
groups. 





§ 22. Spore-Reproduction. This is met with only under 
unfavourable conditions, more especially when there is an 
insufficiency of food-material, ¢g. when yeast-cclls are 
grown on the cut surface of a potato, or on moist plates of 
plaster-of-Paris, or left in a neglected condition in a Jar. 
In these circumstances the process of pullulation ceases, 
and certain of the yeast-cells become larger and form 
sporangia. he nucleus of each sporangium usually 
divides into four nuclei. ‘The protoplasm aggregates 
around each of these, and four spores are formed each 
with a firm, stout wall. In some cases eight spores, or 
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less than four may be formed. ‘They must be considered 
as resting spores specially developed to cope with unfavour- 
able conditions of existence. When they germinate, on 
the return of favourable conditions, the outer coat of the 
spore is burst, and the process of pullulation begins. 

‘The spores are developed in exactly the same way as 
the ascospores of the Ascomycetes. In both cases they are 
formed by free cell-formation, the peripheral layer of 
protoplasm of the sporangium not being utilized (§ 12). 
We have also seen that in some Ascomycetes, ¢.g. Penicrllium 
glaucum (§ 14), the yeast or torula condition is met with in 
certain circumstances. On these facts is based the view 
that the spores of the yeast are ascospores, and the cell 
(sporangium) in which they are developed an ascus; and 
that, if we consider the ascospores of Ascomycetes to be 
true spores, the sporangia and spores of the yeast represent 
in a rudimentary form a sporophyte apogamously de- 
veloped. According to this view Saccharomyces is a very 
degraded Ascomycete in which the torula condition has 
become fixed. Some, however, hold the idea that, after 
-all, the species of yeast may represent only a particular 
form or stage in the life-history of filamentous Ascomy- 
cetes, otherwise normal—this particular form being fixed 
.or permanent under certain pecular conditions of the 
environment. 


§ 23. Alcoholic Fermentation. In the process of alcoholic 
fermentation induced by yeast, grape-sugar is decomposed. 
The chief decomposition products are alcohol (C,H,O) and 
carbon dioxide, but there are also minute quantities of 
glycerine and succinic acid. The general equation might 
be represented thus :— 

CeHi206 = 2C2,HeO + 2C0z.. 

_ It has been shown that while the yeast-cells thrive best 
in the presence of oxygen, ¢.e. while the growth and division 
of the yeast cells is most rapid in this condition, the weight 
of sugar transformed into alcohol and carbon dioxide per 
unit weight of yeast is much greater in the absence of 
' oxygen; and that, when oxygen is abundantly supplied, 
relatively little alcohol is produced. 
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We have already had examples of similar decompositions 
in the digestion of stored food-material effected by the 
action of definite chemical substances called unorganized 
ferments, which can be extracted and act apart from living 
protoplasm. Fermentation processes, such as that effected 
by yeast, differ in that the decomposition seems to depend 
essentially on the presence of living organisms. ‘The con- 
clusion has been arrived at that the protoplasm of such 
organisms can itself act as a ferment, and the organisms 
are spoken of as organized ferments. Recently, however, 
there has been extracted from yeast a chemical substance 
which can induce alcoholic fermentation. The name 
Zymase has been given to it. This would tend to bring 
the processes of fermentation into line with those carried 
on by unorganized ferments. 


§ 24. The Meaning of Fermentation. All plants must 
have a supply of energy for carrying on their metabolic 
processes, and for the performance of internal and external 
work. In most plants the nevessary energy is liberated 
by oxidative decomposition (p. 144), to which the term of 
acrobic respiration is usually applied, and most plants die 
if deprived of oxygen. Some plants, however, can obtain 
a supply of energy in another way, which does not neces- 
sarily involve any consumption of oxygen—namely, by 
breaking down the complex substances of which their food 
is composed, which process is usually termed anaerobic 
respiration. In some cases it appears that the aid of 
ferments is invoked by the protoplasm (yeast plant, bac- 
terium active in fermentation of urea) in order to induce 
these decompositions, although such aid is by no means 
always necessary. The term fermentation is a popular 
one, and is applied to cases of anaerobic respiration when 
the products of the latter are unusually conspicuous or 
abundant. The tendency to produce a ferment is so strong 
in the case of the yeast-plant that its production does not en- 
tirely cease even in the presence of oxygen, when the plant 
can obtain all the energy required by aerobic respiration. 
This is the explanation of the relatively greater activity of 
tlie process of fermentation in the absence of oxygen. 
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Agaricus CAmprstris—Tuk MusHRoom. 


§ 25. General. Agaricus isa very large genus, including 
many subgenera and species. Popularly most of the plants 
included in it are called ‘‘toadstools’’ and‘ mushrooms. 
Most of them are saprophytes, and are to be found in 
abundance in damp woods where the soil is rich in organic 
substance. A few, however, are parasitic, and very in- 
jurious to trees which they infest. Apart from this they 
all closely resemble each other in structure and in the 
general course of their life-history. Agaricus campestris, 
the common mushroom, is a very convenient form for 
description, and we therefore select it as our special type. 


§ 26. Habit and Structure of the Mushroom (fig. 243). 
The mushroom is a saprophyte. It lives on decomposing 
organic substances (humus) in woods, fields, etc. The part 
of the fungus which 
igs seen above ground 
—the part which is 
called the toadstool or 
mushroom—is only the 
reproductive structure, 
the fructification or 
conidiophore. ‘This is 
developed on a delicate 
filamentous mycelium, 
the vegetative body or 
thallus, which ramifies 
through the soil and 
absorbs the organic 
compounds on which 
the fungus lives. The 
so-called ‘‘ mushroom- 
spawn’”’ so largely used 
in the cultivation of 
mushrooms, consists 
simply of compacted 
blocks of well-manured 
soilcontaining a tangled 
mass of mycelial hyphe. If these be buried in a suitable 





MYCELIUM 
Fig. 250. —Tur Musuroom. 
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locality (¢.e. damp and rich in humus products), the my- 
celium grows and develops conidiophores. ‘The much- 
branched filamentous mycelium is incompletely septate, 
ze. the segments into which the septa divide the hyphe 
are coenocytic. ‘The hyphee are colourless, and contain 
vacuolated protoplasm with nuclei and oil-globules. Fre- 
quently the hyphe may be found running in strands and 
anastomoses between them are not uncommon. 


§ 27. Reproduction. The reproduction of Agaricus is 
asexual, being effected solely by means of conidia. 
Sexual reproduction has been completely lost in the group 
of Fungi to which Agaricus belongs. 


§ 28. The Conidiophore (fig. 250), on which the conidia 
are produced, is avery massive organ. Itseems altogether 
different in its structural characters from the filamentous 
mycelium on which it is developed. Examination shows, 
however, that it is really a false tissue (p. 348), consisting 
of compacted interwoven hyphz resembling those of the 
mycelium. It consists of a massive circular umbrella- 
shaped head, called the pileus, borne on top of a stalk, the 
stipe. The upper surface of the pileus is more or less 
rounded and convex. In the different species of Agaricus 
it shows an immense variety of colour, due to the presence 
of colouring matters in the cell-walls. The under surface 
bears a large number of delicate vertical plates radiating 
from the stipe to the edge of the pileus. These bear an 
external rescmblance to the gills of fishes, and are spoken 
of as the gills or lamella. ‘They are flesh-coloured when 
young, but become a rich chocolate brown when fully 
developed, and covered by innumerable brown or black 
conidia, Encircling the stipe, close to the attachment of 
the pileus, are the remains of a membrane which originally 
extended from the stipe to the edge of the pileus and closed 
in the ‘‘gill-chamber.” This torn membrane is called the 

-velum. 


§ 29. Structure of the Conidiophore. The hyphs in 

the cortical region of the stipe are densely compacted, butthe 

central or medullary region consists of loosely interwoven 
Bot. 24 
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hyphew with numerous spaces between them. If a 
vertical section be taken across a Jamella it shows the 
following structure (fig. 251). 'Ehere is a central core of 
interwoven hyphew known as the trama. These hyphe 
curve outwards towards the surface of the lamella, and end 
in small cells, which form what is known as the subhy- 
menial layer. Outside these again, forming the super- 
ficial layer of the lamella, are larger, rather stout and 
slightly elongated cells. This is the hymenium or hymenzal 
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Section across one of the gills. The diagram to the right represents the 
hymenium and sub-hymenium more highly magnified. 


layer. The cells of the hymenium are of two kinds: (a) 
barren cells called paraphyses; () cells called basidia. 
Each basidium bears at its apex two to four slender pro- 
cesses called sterigmata, and from each sterigma a small 
rounded conidium or basidio-spore is abstricted. 


§ 30. The conidia are produced in great abundance. 
This can be demonstrated by laying a ripe pileus for some 
time on a sheet of paper. A sort of print of the under 
surfacé of the pileus is obtained owing to the thick deposit 
of conidia. The conidia when ripe fell off, and, if they 
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reach a suitable soil, they germinate. Each sends out 
a hypha, which grows and branches and produces a new 
mycelium. The germination has only been observed after 
considerable difficulty. The growth of the mycelium from 
the conidium is slow, 
and conidiophores are 
not produced till after 
a lapse of seven or eight 
months. 


ol. Development 
of the Condiophore. 
Fig. 252 shows various 
stages in the develop- 
ment of the  fructi- 
fication. It makes its 
appearance on a strand 
of the mycelium as a 
tiny rounded or pear- 
shaped body, consisting 
of a tangle of hyphae. 
At first there is no dis- 
tinction between stipe 
and pileus, but, as 
growth ‘goes on, the 
apex of the developing 
structure expands to 
form the pileus. In 
this, towards its lower 
surface and completely 
enclosed in the tissue, 





Fig. 252. --AGARICUS, — 
: Stages in development of conidiophore. 
an annular cavity ap- (Diagrammatic longitudinal sections.) 


pears. In the roof of i 

this cavity the lamellew are differentiated, and its floor 
becomes thin and membranous, forming the velum, which 
_is ruptured towards the close of development. 


BacrertA (= ScHiZOMYCETES). 


_ § 32. General. The Schizomycetes, commonly spoken of 
as bacteria, form a group of extremely minute organisms, 
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destitute of chlorophyll, which play a part in organic nature 
altogether out of proportion to their size. By some they 
are placed among the Fungi but it is now usual to group 
them with a series of minui:: chlorophyllous forms, tho 
Cyanophycea, in a special divis‘on called the Schizophyta, 
The organisms may be unicellular or multicellular. ‘The 
multicellular forms may be filamentous, or form cell-plates 
or cell-masses; they are to be regarded, however, as 
essentially aggregations of unicellular forms. Bacteria 
are ubiquitous organisms, being found in the most un- 
expected media—river water, sulphur springs, etc. 

The mode of life is parasitic or saprophytic. Many 
forms parasitic on animals are harmless, sometimes even 
beneficial; others (pathogenic forms) prejudicially affect 
the normal physiological processes and produce pathological 
or diseased conditions. Most of our infectious diseases 
have been shown to be due to the ravages of bacteria. The 
spores of these bacteria, popularly called ‘‘germs’’ or 
‘“ microbes,” are present in the air or in various media, 
and in favourable circumstances reproduce themselves with 
great rapidity. A single germ may give rise to millions 
in the course of a week or two. This explains why many 
of these diseases are infectious and become epidemic. 

The saprophytic forms thrive in various organic media 
and produce characteristic fermentative changes. Well- 
known examples are the souring of milk and the conversion 
of alcohol into acetic acid in the formation of vinegar. 
Bacteria, however, never induce alcoholic fermentation. 
The disastrous effects of infectious diseases are also in 
all probability due to the formation of poisonous waste 
products which accumulate in the blood. 

In all these processes bacteria apparently act as organized 
ferments. From some bacteria, however, substances of the 
nature of unorganized ferments have been extracted, which 
are capable by themselves (7.¢. apart from the living cells) 
of producing the characteristic fermentation. Most bacteria 
can live only in the presence of oxygen, and are said to be 
aerobic, but many cannot live in the presence of oxygen, 
and are called anaerobic. Others again can live both in 
the presence and in the absence of oxygen. The significance 
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of this capacity for doing without oxygen, and its relation 
to the process of fermentation, have been sufficiently dealt 
with in connection with the yeast-plant. 

Putrefaction is a process of fermentation set up by 
certain specics of bacteria in proteid substances, and is 
usually accompanied by the evolution of offensive gases. 
In this way these complex nitrogenous substances are 
gradually decomposed into ammonia and other compounds. 
In the soil, by the action of bacteria, the ammonia 1s acted 
on, and first nitrous and then nitric acid produced. This 
last process is called nitrification. It is effected by at 
least two different bacteria (nitrifying organisms) which 
obtain in this manner the energy necessary for the syn- 
thesis of organic food from carbon dioxide and weter, in 
the absence of chlorophyll and without the aid of light 
being necessary. In this way dead organic substance is 
first decomposed, and then brought hack into forms 
available for absorption by green plants. These are 
essentially processes of oxidation. The bacteria apparently 
act as carriers of oxygen. 

According to some, the “ bacteroids’? present in the 
root-tubercles of leguminous plants are bacteria, and havo 
been called Bacillus radicteola. 


§ 33. The Bacterium-Cell. The cells are extremely micro- 
scopic, a diameter of less than zo$on of an inch being not 
uncommon. They can be examined only under very high 


powers of the microscope, and even then ao 
only the coarser structural details can be  9°% i B 
made out. Each cell has a distinct cell- 4 


does not consist of cellulose, but of a ¢, 
proteid substance. The cells contain ¢ 

granular protoplasm. A nucleus has erneitete: fay 
been seen in some, and probably is “Sgcrmuium-Cxrrs. 
present in all. There are no plastids. In A, Micrococei ;B,Ba- 
a few forms, however, it is interesting top, gpirillum with 
note that a granular substance has been ‘asellm 
observed, giving a blue or purple reaction with iodine, 
being probably therefore some kind of starch. 


wall. In many cases this apparently A {- 
D 
C 
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There are many different forms of cells (fig. 253). Very 
minute spherical icrms are called cocci, or micrococet ; 
elongated rod-like forms, bacilli; spirally coiled forms, 
spirilla; comma-like forms, commas. These are the com- 
monest. Sometimes filaments of bacteria are aggregated in 
enormous numbers and held together by mucilage, forming 
a sort of scum on decomposing liquids. This is known as 
the zooglea condition (fig. 254, a). Sometimes the cells 
form cell-masses. These different forms are not to be con- 
sidered as characteristic of different species. he same 
species probably passes through a number of forms at 
different stages. They are simply ‘‘growth-forms,”’ 2.e. 
forms assumed at different periods of growth. In other 
words, the bacteria are polymorphic. 

Many bacteria have the power of independent movement. 
This is probably effected by means of very slender thread- 
like protoplasmic processes or outgrowths which are known 
as flagelle. A cell may have one, two, or a number of these 


_§ 34, Reproduction. There are two methods of repro- 
duction. Both are asexual. In the process known as 
‘‘ fission,’ the parent-cell undergoes division into two 
daughter-cells. It is simply a process of cell-division in a 
unicellular organism. A micrococcus cell simply becomes 
constricted and divides into two; a bacillus divides trans- 
versely. The other method of reproduction is that of 
‘‘spore””-formation (fig. 254, 4). It is commonly seen in 
bacilli. As a rule it takes place in the zoogloa stage. 
Studying this process, we find that the protoplasmic con- 
tents of the cells round themselves off. They withdraw 
from the cell-walls, and aggregate in the middle of the 
cells. A new cell-wall is then formed round the proto- 
plasmic mass. When fully formed, this cell-wall is 
extremely thick and resistant. ‘Thus the ‘spores’ are 
produced, usually one in each cell, but sometimes more 
than one (endosporous formation). They may remain 
quiescent for a considerable time if the conditions are 
unfavourable, but are eventually set free by the decay 
of the walls of the parent cells. When they become active, 
fission begins, and ordinary bacterium cells are produced. 
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These spores can withstand great extremes of heat and 
cold without injury. Being extromely minute, they are 
easily blown about, and are always present in the air. 
For these reasons the “spores” are admirably adapted for 
the distribution of bacteria. 


§ 35. Bacillus subtilis (fig. 254) will scrve as an oxample. 
It is the hay-bacillus. If hay be chopped up and cither 
soaked or boiled in water and kept for some little time, 
numerous bacillus cells can be recognized if the fluid be 
examined under a high power. ach cell 
is a tiny rod-shaped body having the 
structure above described. ‘There is a 
flagella at each end. In this stage the 
cells multiply by fission, but after a time 
they pass to the surface and form a scum 
(zoogicea stage). If this be examined 
the cells will be found aggregated into 
long filaments embedded in a mucilaginous 
substance, formed by the disorganization wie, 954. —BACIL~ 
of the outer layers of the cell-walls. It 2US SUATILIS. 
is in this stage that the spores are de- 4, tmstna sage with 
veloped. ‘They are extremely resistant,  Motile stage. 
and can withstand boiling for a consider- 
able time. When the spore germinates in a suitable 
solution, the outer membrane bursts, and the contents 
escape as a flagellate bacillus cell. 





Questions on the Muscinew and Thallophyta. 

1. What is a spermatozoid (antherozoid)? In what 
plants do spermatozoids appear? How are they developed 
and set free? What is their function, and how is it 
performed ? 

2. Give an account of the structure and life-history of 
Marchantia. State the more important differences pre- 
sented in the structure and life-history of Funaria. 

3. Is it possible to grow a mould and a Flowering Plant 
in artificially prepared aqueous solutions? State what 
should be the ingredients of such solutions, and oxplain 
in what important respect they must differ in the two 
cases. 
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4. Give an account of the structure and life-history of 
Vaucheria, and indicate the more important resemblances 
and differences presented in the structure and life-history 
of Pythium. How would you account. for these resem- 
blances and differences ? 

5. State clearly the ea on which the conclusion is 
based that the moss-plant corresponds to the prothallus 
of the Fern, and the sporogonium to the fern-plant. 

6. Compare and contrast Eurotium and Spirogyra as 
regards their nutrition and reproduction. 

7. Give a full account of the differences which exist 
between an Alga and a Fungus with regard to the mode 
of their nutrition. 

8. Describe and compare the sexual reproductive organs 
in Ulothrix, Fucus, and Vaucheria. 

9. What are gonidia? In what plants are they found? 
In what respects do they differ from the asexual spores of 
fern or moss ? 

10. What isa parasite? Give an example. Howisa 
parasite distinguished (a) from an epiphyte, () from a 
saprophyte? Give examples of epiphytes and saprophytes. 

11. Describe the structure and life-history of the Yeast- 
Plant. Mention the points in which this plant resembles 
and differs from Eurotium or Penicillium. 

12. Describe and contrast the development of asexual 
reproductive cells in Ulothrix, Vaucheria, Pythium, 
Eurotium, Agaricus, and Funaria. 

13. Give a comparative account of sexual reproduction 
as found in Ulothrix, Spirogyra, Fucus, and an Angio- 
sperm. 

14. Give a short account of the structure and life-history 
of Agaricus. 

_16. What is fermentation? What is its probable sig- 
nificance in relation to the normal metabolic processes? 
Give an account of a typical example. 

16. Name and illustrate by reference to particular types 
the various methods of reproduction found in plants. 

17, What can you say with regard to (a) the evolution 
of sexuality in plants, (5) the differentiation of sex. 


APPENDIX. 
(Specially written for Students working alone.) 
A. GENERAL ADVICE TO THE STUDENT. 


§ 1. Reading. The necessity of careful reading cannot be 
too strenuously impressed on the mind of the biological 
student. He should be ever on his guard against the 
modern tendency to rapid reading and hasty assimilation. 
Before passing from one part of the subject to another he 
should make sure, as fur as he can, that he has understood 
what he has read. A habit of skipping difficulties is easily 
acquired and not easily overcome. Of course there may 
be many cases where even the most diligent application 
will fail to clear up difficult points, and where persistence 
in wrestling with them only results in a waste of time. 
In such cases the student should for future reference make 
a note of the points he has failed to master. It may be 
that a wider knowledge of the subject will make them clear. 

Special reference may here be made to the first two 
chapters of the present text-book. These chapters deal 
with general facts and principles; and it is not expected 
that, at the first reading, the student will acquire a perfect 
knowledge of their contents. They should be very carefully 
vevised when the book has been once read through. 

In Biological Science, however careful the reading be, 
it is perfectly uscless unless accompanied by diligent prac- 
tical work. This will be specially dealt with in the other 
sections of the Appendix. At present we may notice two 
other factors which cannot be neglected by the student who 
wishes to obtain a thorough grip of his subject. These are 
the drawing of diagrams and the answering of test-questions. 
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§ 2. Drawing of Diagrams. This is valuable in two 
ways. In the first place it helps the memory, and im- 
presses on the student’s mind not only the more important 
points, but also many details which might otherwise be 
overlooked. Secondly, it is an excellent way of letting the 
student see what he doesn’t know about various parts of his 
subject. The student may begin by carefully copying the 
figures which are given in the text. He should next try 
to reproduce them from memory; and, finally, he should 
always devote some time to drawing the sections he cuts, 
or the dissections he makes in connexion with the practical 
work. In making these drawings the use of coloured pencils 
has many advantages. For this the Blaisdell pencils are 
recommended. These, however, can only be obtained in 
four colours. 


§ 3. Test-Questions, Merely verbal knowledge should be 
avoided, t.¢. knowledge which can be reproduced by the 
student only in words and sentences more or less nearly 
resembling those which he has read. He should be able to 
express his knowledge in words of his own. ‘This faculty 
is one test of real knowledge, and will prove invaluable 
when the student has to deal with general questions,—that 
is to say, questions which are framed with a view to testing 
general knowledge, and which are not as a rule specially 
dealt with in text-books, Such, for example, are questions 
dealing with the comparison of certain types or structures. 
To answer these satisfactorily the student must be able to 
set down alongside of each other all the important resem- 
blances or differences exhibited. It is in such general 
questions, as a rule, that the student who is a mere echo 
of a text-book comes to grief. The moral of all this is that 
the student should be constantly testing his knowledge by 
trying to write down what he knows on certain parts of 
the subject. For this purpose he will find the specimen 
questions, given on pp. 245, 310, 375, specially useful. 
Wherever it is possible he should make a point of illus- 
trating his answers by outline drawings. It is here 


that the reproduction of figures from memory will prove 
of service. 


4 WB ow - 


APPENDIX, 379 


§ 4. Botanical Terms—Greek and Latin Roots. Many 
botanical terms have departed so far from their original 
meanings, as implied in their etymology, that the student 
must get to know them in the same way as he would get to 
know the words in learning a new language, Frequently, 
however, a knowledge of the derivation of botanical terms 
is really helpful; for this reason we give here a table of 
Greek und Latin roots which may be of servico to the 
student :— 


GRIFEK, 
a-, without, helios, sun, 
acro-, summit. heteros, different, 
actino-, rwyed, histos, web, tissue. 
adelphos, brother. homos, same. 
amphi-, both. hypo-, wader. 
ana-, W). kata-, down, 
andr-, of man or male, logos, science. 
anemos, wind, macro-, large. 
angos, @ vessel. mega-, large. 
anti-, opposite, meros, part. 
apo-, away from, meso-, middle, 
bio-, life. micro., little. 
blastos, beginning. mono-, single, 
blema, covering. morphe, form. 
carp, fruit. -occinm (oikos), house. 
chlamys, @ cloak. -oid, like. 
chloro-, g7'ecq. Gou, egy. 
chromo-, colour, orthos, straight. 
cleisto-, closed. peri-, around, 
cyto-, cell. phellos, cork. 
derma, skin. -phile, loving. 
di-, twice. -phore, carrying. 
dich-, apart. phyll, leaf. 
dynamis, strength, phyte, plant. 
e-, without. plasma, anything formed. 
ecto-, outside. pod, fovt. 
endo-, within. poly, many. 
epi-, on. protos, first. 
ergon, work. rhiza, a root. 
gamos, marriage sapros, putrid, 
26, earth. schizo-, split. 
-gen, producing. scleros, hard, 
genesis, growth, origin. sperma, sved, 


gyn-, of woman or female, stichos, a row. 
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GREEK (continued). . 


syn-, together with. tropos, direction. 
taxis, arrangement, xero-, dry. 
tetra, four. xylon, wood, 
théc, a case. 
LATIN. 
ad, to. nodus, @ knot, 
aster, star. nuto, nod. 
calyx, cup. par, equal. 
caulis, stem, paries, a wall. 
cid, cut. partite, divided. 
ex, without, peto, seek. 
-fid, cleft. radix, root. 
flos, flower. scala, ladder. 
fug, flee. -sect, cut. 
inter, between. ; suber, cork. 
intra, within. unguis, a claw. 
latex, liquid. utriculus, a bladder. 
lignum, wood. vas, a vessel. ; 
loculus, Jittle place. verticillus, whorlof a spindle, 


natus, born. 


§ 5. Supplementary Reading. ‘To such students as may 
be desirous of further extending their botanical studies the 
following books are recommended :—Vines’ Students’ Text- 
book of Botany (Swan Sonnenschein & Co., 15s.) ; Green’s 
Manual of Botany, Vols. i, and ii. (J. & A. Churchill, 
17s. 6d.) ; Willis’ Flowering Plants and Ferns, Vols. i. and 
ii, (Cambridge Natural Science Manuals, 10s. 6d.) ; Scott’s 
Structural Botany, Vols. i. and ii. (A. & C, Black, 3s. 6d. 
each) ; Strasburger’s Textbook of Botany (Macmillan, 18s.). 


B. MicroscoprcaL Work. 


§ 6. The Practical Text-Book recommended. Here we 
cannot give full detailed directions serving to initiate the 
beginner in the mysteries of section-cutting, etc. Fortu- 
nately, however, it is unnecessary to do so, In Bower's 
Practical Botany (Macmillan, 10s. 6d.) the student will find 
most that he requires in this direction, To the student 
working alone this book is indispensable. It has one serious 
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drawback: there are few illustrations, It is hoped, how- 
ever, that the figures provided in the present work will to 
a large extent cover this deficiency. 

All that remains for us to do is to indicate how the above 
practical text-book should be used, to map out the course 
the student should follow, and to offer a few suggestions on 
special points. Bower’s text-book in many respects goes 
beyond the requirements of the elementary student. In 
the following paragraphs we shall endeavour to indicate the 
practical work which is indispensable, leaving it to the 
student to decide to what extent his time will allow of his 
following some of the more elaborate methods described by 
Bower. 


§ 7. Apparatus. The following are necessary :— 

(a) A good microscope with lenses 3 and } inch focal 
distance. 

(6) Two good razors, slightly hollow ground. 

(c) Glass slides, 3” x 1”; cover-glasses, 3" diam. or sq. 

(d) Small forceps, dissecting needles, and scalpels. 

(ec) A few deep watch-glasses; small brushes; a clean 
linen rag. 

(f) Pickle jars, methylated spirit, formalin (see § 10). 

(g) Small bottles (with dipping rods) containing iodine 
solution, aniline sulphate (or chloride), Schulze’s solution, 
glycerine. 

A really serviceable microscope for all ordinary work is 
Leitz’s Students’ Microscope, with eye-pieces 1 and 3, and 
objectives 3 and 7. 

All information with regard to reagents will be found 
in Bower, 


§ 8. Cutting and Mounting Sections. At first the stu- 
dent should content himself with sections simply stained 
with iodine or aniline sulphate and mounted in_ glycerine. 
Only if time permits, and after considerable experience in 
this method, should he attempt the more elaborate methods 
of staining and mounting described in Bower's text-book. 
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In taking a section, the tissue to be cut should be held 
between the thumb and fingers of the left hand; the razor 
in the right hand. The tips of the four right fingers should 
rest on the back of the razor, and the thumb in front, just 
behind the cutting edge, The cutting edge is therefore 
directed inwards, towards the operator. The arms should 
be brought close up to the body, ‘Tissue and razor should 
both be wet with alcohol, The blade of the razor may rest 
gently on the forefinger of the left hand with the edge 
against the tissue. Then the razor should be drawn through 
the tissue with a sliding movement. With practice, extremely 
thin sections may be cut. 

The sections should be removed from the razor by 
means of a brush, and placed in a watch-glass containing 
alcohol or water. Several may then be transferred to 
a slide and examined in water under the low power, 
so that the best may be selected. By means of the linen 
rag the excess of water may be removed, and iodine or 
other reagent added according to the special points which 
the student wishes to determine. The reagent should then 
be washed off with water, the excess of water removed, 
a drop of glycerine added, and finally the cover-glass put 
on, The section should always be mounted in the centre of 
the slide. ‘The cover-glass should be rested on its edge and 
let down gradually by means of a needle. The section must 
not be allowed to get dry during the process, or air-bubbles 
will make their appearance. If these do appear, soaking 
the section for some time in alcohol will remove them. The 
cover-glass must be perfectly clean, and the upper surface 
dry. 

Neatness and cleanliness are of great importance in 
practical work. At first the student will find that his 
sections are rather thick, and often obliquely cut. These 
are difficulties which can be got over only by care and 
practice. He should not attempt to draw a bad section. 

Very slender or delicate tissues should be cut by em- 
bedding in pith or carrot. he more elaborate methods 
described in Bower may be passed over in early stages of 
practical work. If carrot be used, a piece 1” x 2” x 3” 
will be found convenient. 
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§ 9. Reagents. The effects produced on cell-walls and 
cell-contents by iodine, aniline sulphate, Schulze’s solution, 
ete., should be studied. The tests for starch, proteid, 
cellulose, cork, mineral crystals, are important. All these 
points are fully dealt with in Bower’s text-book. 


§ 10. Material. Ifresh material may and sometimes 
must be used. In many cases, however, it is better and 
more convenient to use “pickled” material. The pickling 
fluid used for ordinary work is ordinary methylated spirit, 
Stems, roots, leaves, etc., preserved in this way in glass 
jars are always ready for use. Delicate plants or parts of 
plants (flowezs, etc.) may be preserved in four to six per 
cent, solution of formalin (formic aldehyde); formalin as 
sold is a forty per cent. solution. ‘This method has the 
advantage of preserving colours. Types such as Vaucheria, 
Spirogyra, Ulothrix, EKurotium, Yeast, must be examined 
in the living state. 

The student is advised to obtain material himself, as 
far as possible. With the Angiosperm, Pinus, Fern, and 
Agaricus there is no difficulty. Marchantia, Funaria, 
Ulothrix, Spirogyra, and Vaucheria are also easily found. 
Fern-prothalli can usually be obtained in abundance on 
the damp walls or on the soil of flower-pots in fern-houses. 
Directions for obtaining Pythium, Furotiwn, etc., are 
given in Bower, and also in our descriptions of these types. 
Yeast may be obtained from a baker. If desired, however, 
all the necessary material can be obtained from James 
Backhouse and Son, Ltd., The Nurserics, York (see 
their catalogue). 


§ 11. Order of Practical Work. The student should not 
begin practical work till he bas a general acquaintance 
with the first two chapters of this book. Preliminary 
attempts at section-cutting on, say, a piece of pith or 
carrot, should precede the serious work. The student 
might then work through the seeds deseribed in Chapter 
III., and after that take the other chapters in order. He 
should always make a point of finding out what he expects to 
see in his sections. Reading should precede practical work. 
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The practical work in connexion with the special types 
can be readily followed from Bower; but as the student 
may be in some doubt as to the practical work to be under- 
taken in connexion with the Angiosperm, the following list 
may be of service. 


Stems :—Transverse and, in some cases, Longitudinal Sections 
of such Dicotyledon stems as sunflower, groundsel, white bryony, 
Clematis, mare’s-tail, eldcr, elm, lime, and such Monocotyledon 
stems as Asparagus, butcher’s broom, black bryony, maize. The 
list might be extended indefinitely. ‘he beginning of sccondary 
growth in Dicotyledons should be studied, e.g. in groundsel. 

Buds :—Longitudinal sections, eg. of the lilac, Try to make 
out the meristematic regions. 

Roots :—Transverse sections of such roots as leek, maize, iris, 
primary roots of bean or castor-oil seedlings, sunflower, elm, willow, 
etc. The apical meristem can be studied in median longitudinal 
sections of the radicles in maize, almond, sunflower, and castor-oil 
seeds. The fibrous or tuberous roots of the lesser celandine (p. 223) 
are excellent for showing primary dicotyledonous structure, as there 
is no secondary growth. 

Leaf :—Sections of petiole and lamina, eg. beech, sunflower, 
horse-chestnut, lily ; strip off part of epidermis to see stomata, etc. 

Flower :—Sections of ovaries and anthers. The structure of the 
ovary, the placentation, the form and structure of the ovules, should 
be recognized. The form of the ovule can usually be readily made 
out in sections of ovaries, or, if the ovules are small, by examining 
entire in acetic acid. 

Seeds :—In examining a seed the student should determine by 
means of sections and staining—(a) Dicotyledonous or Monocotyle- 
donous, (d) albuminous or exalbuminous, (¢) the nature of the 
food-material. 

Contents of cells and cell-walls :—These should be very carefully 
studied in connexion with the above. To see such bodies as 
cystoliths and raphides the student should try to obtain the material 
mentioned in the text-book, 
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§ 12. Examination of Plants. The student should devote 
a considerable amount of time, whenever he has the oppor- 
tunity, to the study of complete plants, and the examination 
of special parts. He should carefully notice the different 
kinds of roots and stems, and accustom himself to the use 
of the various terms explained in the text. Various bulbs, 
tubers, corms, rhizomes, suckers, etc., should be studied, 
and their special features recognized. The morphological 


APPENDIX. 385 


value of spines or thorns, tendrils and other specialized 
structures, wherever specimens present themselves, should 
be clearly made out. The form, arrangement, and venation 
of leaves ; branching ; the position of buds, stipules, bracts, 
ete.; the forms, ete, of calyx, corolla, andrwcium, and 
gyneceum ; the seed and fruit, etc.;—all these should be 
made the subject of careful scrutiny and observation. 
in the examination of minute or crowded parts, as, for 
example, frequently in the study of the flower, it will be 
found not only convenient, but necessary, to use a small 
hand-lens, A very convenient folding form, with three 
glasses, can be obtained from any dealer. 





§ 13. Description of Plants. ‘The art of describing plants 
consists simply in being able to make use of the proper 
terms in a neat, orderly way. An elaborate description is 
not expected of the elementary student. It will be sufficient 
if he can give a good general description, The following 
scheme simply indicates the order on which such a deserip- 
tion should proceed. The student must not regard it as a 
form for plant-description, to be rigidly adhered to in all 
cases. It is merely intended as a guide :— 

Root: tap or adventitious? branched or unbranched ? 
the special form —tuberous, fleshy, fibrous, etc. ? 
annua], biennial, or perennial ? 

Stem: kind of stem—i.e. is it erect, prostrate, or climbing, 
a rhizome, corm, or bulb, etc. 1 herbaceous or wocdy 7 
cylindrical, angular, or compressed? hairy or glab- 
rous? branched or unbranched (the branching may 
be described)? If herbaceous, is it solid, hollow 
(fistular), or jointed? If climbing, how does it 
climb? Does it bear cladodes, tubers, spines, ete. 

Leaf: deciduous or evergreen? radical, cauline, or ramal ? 
alternate, opposite (superposed or decussate), or ver- 
ticillate ? petiolate or sessile? stipulate or exstipulate 
(the stipules may be described) ? sheathing, connate, 
perfoliate, ligulate, etc.? simple or compound ? 

Tf simple, outline of lamina (2.2, linear, oval, 
etc., or pinnatifid, palmatifid, ete.—if incised, the 
outline of the lobes, partitions, or segments may 
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be indicated)? venation? margin? apex? surface 
(glaucous, hairy, etc.) ? 

If compound, pinnate or palmate? paripinnate or 
imparipinnate? number and arrangement of leaflets? 
Leaflets — sessile or stalked? outline? venation? 
margin? apex? surface } 

Inflorescence: definite, indefinite, or mixed? kind of 
inflorescence ? 

Flowers: sessile or pedicellate? bracteate or ebracteate 
(if bracteate, the bracts may be described) ? complete 
or incomplete? hermaphrodite or unisexual ? actino- 
morphic, zygomorphic, or asymmetrical? cyclic, 
hemicyclic, or spiral ? heterostylic ? any other general 
character ? 

If there are two kinds of flowers, after giving 
common characters as above, describe separately. 
Calyx: poly- or gamo-sepalous? green or petaloid? if 
polysepalous, the number, outline, and apex of the 
sepals? if gamosepalous, the special form or nature 

of the incision ? inferior or superior? sxstivation ? 

Corolla: regular or irregular? if irregular, zygomorphic 
or asymmetrical? poly- or gamo-petalous? if poly- 
petalous, number and outline of petals, or any 
special terms? if gamopetalous, special form or 
incision? corona or other special features? hypo- 
gynous, perigynous, or epigynous? estivation ? 

Perianth: described similarly, except that the terms 
poly- or gamo-phyllous must be used. 

Andrecium: number of stamens? or indefinite? poly- 
androus, syngenesious, or adelphous? epipetalous, 
epiphyllous, hypo-, peri-, or epi-gynous? special 
characters? filament? fixation of anther? dehiscence? 

Gyneceum: mono- or poly-carpellary? if the latter, 
apo- or syn-carpous? Ovary—unilocular or multi- 
locular? superior or inferior? Qvules—number ? or 
indefinite? form? Placentation? Style? Stigma ? 

Seed; albuminous or exalbuminous ? 

Fruit: kind of fruit? 

Nectaries may be described in connexion with corolla, 

stamens, or pistil, as seems convenient. 
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§ 14, Examples. The following descriptions of well- 
known plants will serve as examples :— 


(1) Root: a fibrous branched tap-root; perennial. 

Stem: erect; branched; angular; herbaceous — above, 
woody below ; slightly hairy ; perennial. 

Leaves: herbaceous; cauline; shortly petiolate ; exstipu- 
late; simple; lanceolate; unicostate, reticulate ; 
acute ; entire; slightly hairy. 

Inflorescence: indefinite—terminal and lateral, more or 
less corymbose racemes. 

Flowers: pedicellate; ebracteate ; isobilateral ; herma- 
phrodite. 

Calyx: polysepalous; four lanceolate, petaloid sepals in 
two series, the two inner (lateral) sepals slightly 
pouched (saccate) ; inferior. 

Corolla: regular, polypetalous, cruciform, consisting of 
four unguiculate petals; Limb obovate; hypogynous ; 
imbricate. 

Andrecium: six stamens in two series; tetradynamous ; 
two short lateral stamens; two pairs, anterior and 
posterior, of long stamens; hypogynous; anthers 
innate, introrse, with longitudinal dehiscence. Vec- 
taries, having the form of green, rounded discs, are 
present at the base of the lateral stamens. 

Gynzceum: bicarpellary, syncarpous; ovary bilocular, 
owing to a false septum developed between the 
placentas, superior; ovules cc, campylotropous, on 
two parictal placentas ; style short ; stigma two-lobed. 

Seed: exalbuminous. Fruit: an elongated, linear, slightly 
flattened siliqua. 


(2)* Roots: adventitious, fibrous, and stout, yellowish. 

Stem: woody, perennial, underground, covered with 
brown scales, and throwing out long slender runners 
which root at the nodes. 

Leaves: radical, with long hairy petioles and membra- 
nous, lanceolate, petiolar stipules; compound, ter- 
nate; Jeuflets nearly sessile, roundish oblong, with 
unicostate reticulate venation and serrate margin. 


* Adapted from Lindley’s Descriptive Botany. 
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Inflorescence: panicled, more or less corymbose, cymes 
borne on erect slender scapes. 

Flowers: pedicellate, with membranous bifid bracts ; 
actinomorphic ; complete; hermaphrodite; proto- 
gynous, 

Calyx: gamosepalous, with five membranous, triangular, 
acuminate segments; green, persistent, inferior; an 
epicalyx is present consisting of five oblong segments 
alternating with those of the calyx proper. 

Corolla: regular, polypetalous, rosaceous, consisting of 
five white roundish petals inserted perigynously. 
Andrecium: polyandrous; stamens o«, persistent, peri- 
gynous ; filaments short and stiff; anthers oval, more 

or less cordate, dehiscing at the edges. 

Gyneceum: polycarpellary, apocarpous; carpels indefi- 
nite, and borne on a protuberance of the thalamus, 
with filiform styles and simple stigmas; ovules 
solitary, ascending. 

Seed: exalbuminous, dicotyledonous, Fruit: a pseudocarp 
consisting of an etsrio of achenes borne on a suc- 
culent thalamus. 


D. ApprrionaL Naturant Orprnrs. 
(Hor general table af classification see p. 220.) 


§ 15. Evolution in the Angiosperms. We have already in 
Chap. XVIII. (§§9-10) touched very briefly on this subject. 
A clearer statement with regard to it will help the student 
to a better understanding of the classification of Angio- 
sperms and of the principles on which it is based. 

There is no clear evidence to show at what point the 
Angiosperms took their origin, but it is now probable that 
they were derived from Pteridophyta by a route (or routes) 
distinct from that of Gymnosperms. Distinguished from 
the latter by the development of an ovary securing the 
better protection of the ovules and seeds, and by the late 
development of the female prothallus, they proved more 
progressive than the older type, and have become the 
dominant race at the present time. The relation between 
Monocotyledons and Dicotyledons as regards origin is also 
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obscure. Some botanists believe that the Dicotyledons 
were derived from primitive Monocotyledons, but it is just 
as likely that the evolution of the two classes followed, 
from the first, distinct though parallel lines. 

The early Angiospermous flowers no doubt simply con- 
sisted of more or less elongated axes bearing numerous 
sporophylls—the stamens and carpels. There is nothing to 
tell whether they were hermaphrodite or not, but it is com- 
monly assumed that they were unisexual and wind- 
pollinated like those types of existing Dicotyledons such ag 
the Birch and Hazel which, there is reason to believe, show 
primitive characters. On this view, if regard be had to 
the risks and lack of economy associated with unisexual 
flowers and wind-pollination, it is not difficult to under- 
stand the early transition to hermaphrodite flowers affording 
a possibility of self-pollination. In these hermaphrodite 
flowers the carpels would be above, the stamens below, the 
arrangement which, with modifications, still persists. 

The evolution, first of a single series of perianth leaves 
for protective purposes, and then of a second for attraction, 
has been indicated on p. 310. The appearance of the 
corolla and the further evolution of the flower are intimately 
connected with insect visitation, and the evolution of the 
flower cannot be followed with any clearness except by 
reference to it, especially in the higher forms of Monocoty- 
ledons, and in the Gamopetale which show the highest 
degree of specialization in Dicotyledons. 

The early flowers with double perianth were no doubt 
regular, the floral leaves all free, and the stamens and 
carpels numerous. To such flowers insects would have 
free access. Advance in organization has followed many 
lines and many important factors have influenced the course 
of evolution, which, it must be remembered, has always 
tended towards the more perfect adaptation of the flower 
for the functions which it has to discharge in relation to 
the conditions of environment. Some of the growth- 
processes which have led to modification of floral structure 
have been mentioned on p. 182. We have now to consider 
these modifications from the standpoint of evolution and 
to recognize their biological Seneca 
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The enclosure of the ovary in the thalamus would secure 
the better protection of the ovules and seeds. Ready 
pollination would be facilitated by increase of the number 
of ovules in each ovary, or by their aggregation in a single 
compound ovary. Further, as pollination became more 
certain, there would be a reduction in the number of 
stamens and carpels. Hence the transition from hypogyny 
to epigyny, that from an apocarpous to a syncarpous con- 
dition, and reduction in the number of stamens and carpels, 
together with more efficient provisions for pollen protection 
and more elaborate adaptations for insect pollination (such 
as the concealment of honey, the development of zygo- 
morphy, special mechanisms, etc.), which seem to have 
appeared at various points in the course of evolution, are 
the chief marks of an advance in organization, and charac- 
ters of the greatest importance in classification. In this 
connection it must always be remembered that our existing 
orders cannot be arranged in a linear series, but are best 
regarded as the terminal twigs of branches given off along 
the main stem of Angiospermous development. 

It is commonly believed that certain existing orders of 
Dicotyledons, although specialized in particular directions, 
have retained the primitive mono- or a-chlamydeous con- 
dition. Such orders are placed in the Incomplete. Orders 
which are mono- or a-chlamydeous by reduction are ex- 
cluded and must be classified according to their affinities 
as shown by their other characters. 

Amongst the Polypetale there is a clearly marked 
advance from hypogyny to epigyny, and, amongst the 
hypogynous and perigynous forms, from the apocarpous to 
the syncarpous condition. Sometimes the transition is 
illustrated within the limits of a single order. It can be 
recognised also that the lower forms in both hypogynous 
and perigynous series have numerous stamens and carpels, 
while in the higher forms the number of essential organs 
is reduced. The classification of the Polypetale is in 
accordance with this. At various points specialization in 
adaptation to insect pollination has given rise to prominent 
orders, e.g. Ranunculacee, Caryophyllacex, Crucifere, Ona- 
graces, Leguminose, In these it is interesting to observe 
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how the various mechanisms or the arrangements for the 
concealment of honey, etc., have been produced. 

The concealment of honey, for which, in the Polypetale, 
there are numerous contrivances, is usually secured in the 
Gamopetale by the gamopetalous corolla. This explains 
its evolution. The epipetalous condition of the stamens 
which is associated with it, except in some of the lower 
forms,* allows of the further narrowing of the tube. In 
the Gamopetals the evolution of hypogynous and epigy- 
nous series has followed two distinct lmes with separate 
points of origin from the Polypetale. The highest degree 
of specialization in the evolution of hypogynous forms is 
reached in those bicarpellate orders which have showy 
zygomorphic flowers (Labiate). Evolution along tho 
epigynous line reaches its highest stage in the Composite 
in which there are compact aggregations of small flowers 
showing marked division of labour. They represent the 
highest development in Flowering Plants. 

Amongst the Monocotyledons a very similar progress 
can be recognised from a primitive to a petaloid and gamo- 
phyllous condition of the perianth, from hypogyny to epi- 
gyny, from an apocarpous to a syncarpous condition of the 
pistil. The position of many orders, however, is doubtful 
owing to the difficulty experienced here, as in Dicotyledons, 
in determining whether their characters are primitive or 
due to reduction. The evolution in the higher forms here 
also has been in close relation to insect pollination and 
reaches its highest point in the Orchidacee. 


* Ericacea and Campanulaceze (4.2.). 
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DICOTYLEDONS. 


(a) INCOMPLETE. 
§ 16. Cupulifere. 


Distinguishing characters: Flowers mono- or a- chlamy- 
deous, wnisecual, monecious, borne in catkins, singly or in 
groups of 2 or 8. Pistil bi- or tri-carpellary. Frmt dry, 
undehiscent and one-seeded, a nut or nutlet, frequently invested 
by a cupule formed by enlarged persistent bracteoles. 


This is a primitive order of great interest, widely distri- 
buted in temperate regions. It consists of trees and 
shrubs with simple, alternate, stipulate leaves. The common 
British trees belonging to the, order are the Birch (Betula 
alba), the Alder (Alnus glutinosa), the Hazel (Corylus 
Avellana), the Hornbeam. (Carpinus Betulus), the Beech 
(Fagus sylvatica), the Oak (Quercus Robur), the Spanish 
or edible Chestnut . (Castanea vulgaris—it is not indi- 
genous). 

The inflorescences are called catkins (p. 187). In its 
typical form the catkin consists of an elongated pendulous 
axis bearmg numerous 
spirally arranged scales 
(bracts) in the axil of 
each of which are three 
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Showing arrangement of bracteoles and 
flowers: 1= middle flower; 2, 2= lateral 
flowers. 


bracteoles in the axil of each bract (fig. 255). 


flowers representing a 
sessile or reduced dicha- 
sium. The terminal 
(middle) flower has two 
lateral bracteoles, and in 
the axils of these (as 
bracts) arise the two 
lateral flowers which also 
may have _ bracteoles. 
Thus there are typically 
three flowers and _ six 
From 


this it is at once evident that the catkins typical of the 
order are not really simple pendulous spikes (see p. 187). 
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This typical form, however, is departed from, more or less, 
in the various genera. Sometimes only the middle flower 
or only the two lateral flowers are present, and some or 
even all of the bracteoles may be absent. The whole 
inflorescence is, in some cases, reduced to a cluster of 
flowers. The various modifications described below should 
be carefully studied. The female catkins persist till the 
fruits are ripe, or even longer as in the Alder. 

The flowers are unisexual, moneecious, and borne (with 
rare exceptions—e.g. sometimes in Chestnut) in different 
catkins. They areanemophilous and, in correlation with 
this, they frequently come out before the leaves (Hazel and 
Alder), or just when the 
leaves are unfolding 
(Birch and Oak). A 
perianth is sometimes 
present, and occasionally 
well developed; when 
present it 1s epigynous. 
The stamens are two, 
four, or more; sometimes 
they are split or forked 
(fig. 258, c). The gyne- 
ceum is__ bicarpellary 
(Alder, Birch, Hazel, ° 
Hornbeam), or tricarpel- 
lary (Oak, Beech, Chest- 
nut), syncarpous; the ioe 
ovary at the time of Pande 





fertilization bi- or tri- ee 

locular, inferior; ovules, Woy 

one (Alder, Birch, Hazel, Soy 

Hornbeam) or two (the ite! whereas wen: 

other genera) in each Twig showing male and female catkins. 


loculus, anatropous and 

usually pendulous. The fruit is dry, indehiscent, one- 
‘seeded—a nut or nutlet. In the Birch it has a membranous 
wing and is a samara (fig. 258, B). The fruits may be 
liberated from the coherent bract and bractcoles (Alder 
and Birch), or these may enclose one or more fruits as a 
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cupule (the other genera). The seed is exalbuminous 
(fig. 263). 

The following notes indicate the special characters of the 
various genera :— 


Birch (figs. 256-258) :—The male catkins appear in autumn at the ends 
of the shoots and are pendulous; the female catkins are borne on short 
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Fig. 257.—Birca. 


Diagrams showing arrangement of bracteoles and flowers in male and female 
\ catkins. 


lateral branches which are developed in spring aud are erect. Flower- 
ing takes place in April or May. In both catkins each bract has three 
flowers. Only the two lateral bracteoles are present. Each male 
flower has a small perianth usually 
two-lobed, and two stamens the 
filaments of which are so deeply 
split that there appear to be four 
stamens. The female flower has no 
perianth. The pistil is bicarpellary 
and has two styles. The fruits 
are samaras. Bract and bracteoles 
become fused owing to continued 
basal growth. The three-lobed 
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mune scale which they form falls off at 
BRA eae ee fruiting, but does not invest the 
Tig. 258.—Brren. fruits, 


A, Female flowers in axil of bract; #e 5 
B, Fruiting scale, with three Alder :—The male catkins are 


samaras; C, Stamen from male elongated; the female small and 
flower. somewhat ovoid. Both appear in 
autumn, and are more or less erect. 

Flowering takes place in March or April. Each bract of the male 
catkin has three flowers, but in the female only the lateral flowers are 
developed. There are four bracteoles—the two lateral bracteoles and 
ne to cach lateral flower on the side next the bract. The g¢ flower 
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has a four-lobed perianth and four stamens opposite the lobes. The 9 
flower resembles that of the Birch. The femalo catkins including the 
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Fig. 259.—Maut anp Femarn Inviorescencys or 1mm Hazen, 


hard five-lobed scales formed from the bracts and bracteoles remain on 
the tree after the fruits aro set free. The fruits are not winged 


(nutlets). 
Haz (figs, 259-263) :—The catkins appear in autumn. The pendulous 
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Fig. 260.—Hauxr.. 
A , Male Flower; B, Diagram of same. (DProphylls = bractcoles). 


male catkins are borne 1-3 together on a short axillary shoot. The 
female are solitary, axillary, and arc not distinguishable from foliage 
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buds till February or March when flowering takes place and the 
crimson styles protrude at the top. In the male only the median 
flower and the lateral bracteoles are developed in cach scale. The 
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Fig. 261.—Fematr Flowers or Hazev. 


A, Diagram showing bract, bracteoles (involucre) and flowers; B, Bract and 
flowers. 
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flower has four deeply split stamens and thore is no perianth. In the 
female catkin the lower scales are sterile; in the upper fertile scales 
all the bracteoles, but only the lateral flowers, are present. Mach 
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female flower has a minute, toothed, greenish perianth on the top of 
the ovary; there are two styles. The two bracteoles of each flower 
with once of the latoral bracteoles fuse, owing to continued basal 
growth, to form an involucre which devclops into the membranous 
cupule (husk—tig. 262). 

Hornbeam:—The flowers are similar to those of the Hazel, but in 
the male catkins there arc no bracteoles and the male flower has 4-10 
split stamens. ‘The cupule is large and trilobed (fig. 264), 
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Fig. 265.—QUERCUS ROBUR, var. PevuncuLata. 


A, Male; B, Female inflorescences; C, Male flower; 
D, Female flower in section. 


Oak (fig. 265) :—The catkins appear in the spring, the male in the 
axils of bud scales, the female in the axils of foliage leaves. lowering 
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occurs in April or May, The male catkin here is simply along slender 
and pendulous spike, the flowers being borne singly in the axils of the 
bracts. ‘They represent the median flowers and there arc no bracteoles. 
Kach (fig. 265, C) consists of a perianth of a varying number of bract-like 
segments (4-7) and as many or more stamens (frequently 10). A rudimen- 
tary ovary may be present. ‘The female catkin contains only 2 or 3 
flowers which may be ina cluster (Quercus Robur, var. sessiliflora) or may be 
separated by the elongation of the peduncle (Q. Robur, var, pedunculata) . 
They are borne in the axils of bracts and represent the median flowers 
(in some allied species all three flowers are present). Each has an 
epigynous 3-8 toothed perianth and is surrounded by a number of 
imbricate scales forming an involucre which afterwards devclops into 
the acorn cup (cupule). The involucre is regarded as representing the 
four bracteoles of the lateral flowers. The ovary is trilocular, and each 
loculus has two pendulous anatropous ovules, but only one loculus 
and one ovule develop. The fruit (acorn) is a nut seated in a 
cupshaped cupule. Quercus Ilex is the Holly Oak; Q. Suber, the 
Cork Oak. : 
Beech (fig. 266) :—The catkins are developed in spring in the axils of 
foliage leaves. ‘The male is really a clustered dichasial cyme of about 
twelve flowers borne on an 
elongated pendulous  ped- 
uncle. The flowers are shortly 
stalked and there are no 
bracts. The female catkin 
is stalked, erect, and consists 
of only two flowers (dichasial 
cluster) enclosed in a fleshy, 
four-lobed invyolucre (cu- 
pule), and a number of small 
outer scales. The homologies 
of these parts have not been 
clearly made out. The 
flowers themselyes resemble 
those of the cak. The cupule 
is spiny and resembles a 
capsule. It contains two 
triangular nuts (‘beech 
mast’’) and separates into 
four valves. 
Fig. 266,—Brrcn. Chestnut :—The catkins are 
A, Male inflorescence; B, Male flower; ©, axillary, and bract and brac- 
Female inflorescence; D, Cupule with nuts.  teoles are all present. ‘There 
are usually seven male flowers 
in the axil of the bract owing 
to the bracteoles of the lateral flower also having flowers. ‘The 
female bracts bear three flowers and the cupule is formed by the four 
bracteoles of the lateral flowers. The mature cupule is spiny. It 
contains three nuts and separates into four valves. 
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The Cupulifere, Salicacez (p. 237), and other orders (e.g. 
Juglandacex, the walnut order) are combined under the 
cohort Amentales (= Amentacee or Amentiferm), the 
group of catkin-bearing plants. The Cupulifera are now, 
however, usually divided into three orders—Betulacex 
(Birch and Alder), Corylacew (Hazel and Hornbeam), 
Fagacer (Beech, Oak, and Chestnut). The Betulacex are 
distinguished from Corylacex by the absence of a cupule, 
and both of these orders from Fagacex by the bicarpellary 
pistil and the ovule solitary in each loculus. 

The Betulacew and Corylacese are chalazogamie (p. 199). 
This mode of fertilization is associated with certain peculiar 
developments in the ovule and embryo-sac which recall 
features found in Gymnosperms. Taken along with the 
other characters—the unisexual, anemophilous flowers, the 
absence or rudimentary character of the perianth, etc., it 
indicates that in these plants we have very primitive types, 
a conclusion which is supported by their early appearance 
in time as shown by fossils. They diverged from the main 
Angiosperm stem at an early period, and our modern types 
have survived because, having the habit of trees, they to a 
large extent escaped competition with more progressive 
types.* The Fagacez represent the most advanced section 
of the group as shown by their porogainic fertilization and 
their floral characters generally. In this connection the 
occurrence of rudimentary pistils in the male flowers is 
interesting. 

Most, if not all of the Cupulifere, have mycorhiza, 
which are ectotropic (ectophytic), i.e. the mycelial threads 
do not penetrate the cells of the root. 


The roots of some Cupuliferw, ¢.y. Hazcl and Becch, arc sometimes 
infested by a total parasite Lathrea Squamaria, the Tooth-wort, belong- 
ing to the order Orobanchacew, Tho parasite, which is of a white or 
purplish colour, feeds on the roots by means of suckers (hanstoria). It 
has a rhizome with scaly leaves and sends up aerial shoots bearing 
racemes of purple flowers. It is possible that small cavities which are 
found in the scale leaves may function as insect traps. 


* Progressive and up-to-date orders, ¢.g. Composite, are largely or 
entirely represented by herbaccous forms. 
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§ 17. Urticacez. 


Distinguishing characters :—Flowers regular, usually wni- 
sexual; perianth of four or five segments ; stamens four or 
five, opposite the perianth leaves; prstil monocarpellary, 
with one basal orthotropous ovule; fruit an achene. 


This order consists chiefly of herbs, and is well repre- 
sented in tropical and warm temperate climates. The only 
plants found wild in Britain are Parietaria officinalis, the 
Wall Pellitory, a perennial herb, 
common on walls and waste ground, 
and three species of Urtica, the 
Nettle. U. urens, the small nettle, 
and U. pilulifera, the Roman Nettle, 
are annuals; U. dioica is a peren- 
nial. These, however, illustrate very 
well the characters of the order. 
The plants are mostly herbs with 
opposite (Urtica) or alternate (Parie- 
taria) stipulate leaves. Cystoliths 
are found in most of them, includ- 
ing Parietaria and species of Urtica. 
The order may be divided into two 
groups according as stinging hairs 
are present (Urtica*) or absent 
(Parietaria). 

The inflorescences are usually 
axillary cymes which may be panicled 
Fig. 267.—Unrica Drorca in appearance or more or less 
e pri res mui. Clustered (glomerules). The flowers 

cellular glandular hair; (figs. 268, 269) are regular, mono- 

Ot ee un onighly chlamydeous, unisexual or, occasion- 

magnified.) ally, hermaphrodite. U. wrensand U. 

piluliferaaremoncecious, themaleand 
female flowers in the latter being borne in different panicles ; 
U. dioica is dicecious; Parietaria is polygamous. Perianth 





* The stinging hair of the nettle (fig, 267) has a siliceous point which 
is readily broken off. When a nettle is touched by the hand, the 
point breaks and a little wound is made in the skin, into which the 
acid sap is forced by the sudden contraction of the base of the hair. 
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of four or five leaves, poly- or gamo-phyllous (four and 
gamophyllous in British species), grecn, inferior, persistent, 


RUD: 
STIGMA UD: OVARY 





Fig. 268..—-MaLe ann Femate Flowers or Nerrin, 


Stamens equal to the perianth segments and opposite to them. 
The stamens are at first folded inwards and downwards in 
the flower, but when ripe, or when moved, they spring up 
violently and give out a little cloud of pollen (an adapta- 
tion for pollen protection and wind pollination). Pistil 
monocarpellary ; ovary superior, unilocular, with onc basal, 
orthotropous ovule. Stigmas tufted and often sessile. The 
male flowers have a rudimentary pistil. The fruit is an 
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Fig. 269,—FiLorart DraGram or Nurrie. 
A, Male; B, Female flowers. 


achene enclosed in the persistent perianth. Seed albumin- 
ous. ‘The flowers are anemophilous. | 

The various kinds of “ Artillery Plant” grown in our 
hot-houses are species of Pilea and are so called because of 


their explosive stamens. 
ot, 26 
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: rders Ulmacee (e.g. Elm), Moracec (e.g. Morus the Mulberry, 
Tee the Dain Bs aes the India-rubber Tree, Ficus 
benghalensis the Banyan, <Artocarpus incisa the Bread-fruit Tree), 
Cannabinacesw (e.g. Cannabis sativa the Hemp, and Humulus Lupulus 
the Hop) are sometimes included undcr Urticacew as sub-orders ; but 
they differ in important respects. ‘I'he following notes on some of the 
types mentioned may be of interest— 

Ulmus (fig. 270) :—U. campestris is the common elm; U, montana 1s 
the Scotch, Wych or Mountain Elm, The 
clustered dichasial cymes (glomerules) are 
produced in the axils of the leaves of the 
previous year. ‘hey have a few scale leaves 
at the base and come out before the leaves (an 
adaptation to wind pollination). ‘The flowers 
are hermaphrodite, P (4-6) A 4-6 G@ (2). 
Only one loculus and one ovule develop. 
Fruit a samara (fig. 139, B). Sced exalbu- 





Fig, 270.—Etm. minous. ; 
ik amas B, Gyne- Moracee :—Trees and shrubs with latex. 
ee . 
” “ceum of flower. Perianth segments usually four; stamens as 


many and opposite them ; pistil of two carpc!s, 
syncarpous. As a rule only one loculus and one ovule develop and 
form an achene or nutlet, but usually the axis or perianth becomes 
fleshy and a syncarp is formed. The Mulberry is moncecious and the 
flowers are in spikes. For fruits of Mulberry and Fig see p. 215. In 
Artocarpus the inflorescence becomes fleshy and has a texture resembl- 
ing that of bread. 

Hop:—The Hop is a twining plant. Its stem twines in a 
right-handed spiral (clockwise) like that of the Honeysuckle.* It is 
dicecious. ‘I'he male flowers are small 
and produced on axillary panicled 
cymes. Each has a five-partite perianth 
and five stamens. The female inflores- 
cence somewhat resembles a cone 
(fig. 271). It consists of a serics of 
membranous bracts with two female 
flowers on the upper surface of each. 
Each flower has a tubular perianth 
and is invested by a scale (bracteole). 
The pistil is bicarpellary. ‘The true 
fruits are achenes, but the whole in- 





florescence is regarded as a syncarp Fig. 271.—Hor. 
(p. 215). The flowers are anemo- A, Female inflorescence; B, Pistil 
philous. The bracts, which are covered of female flower. 


with glands serving to keep off insects 
and other intruders, finally separate and help to disperse the fruits. 


* Tn most twiners the twining is in the opposite direction, e.9. 
Calystegia sepium, the large Hedge Convolvulus. f 
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Cystoliths are found in various species of Ficus (p. 28), Morus, 
Cannabis, and Humulus. 


§ 18. Chenopodiacee. 


Distinguishing characters :—Flowers monochlamydeous 
regular, hermaphrodite or unisexual, hypogynous, typically 
pentamerous. Characters of ovary and seed. An order of 
halophytes. 

The plants belonging to this order are widely distributed 
in maritime regions, many of them (halophytes) growing 
in salt marshes or on muddy foreshores, and showing 
marked xerophytic characters (see p. 156). It is well 
represented in Britain by the Wild or Sea Beet (Beta 
maritima or vulgaris), the Glasswort or Marsh Samphire 
(Salicornia herbacea), the Saltwort (Salsola Kali), the Sea- 
blite (Sueda maritima), and various species of Goosefoot 
(Chenopodium), and Orache (Atriplex). Chenopodium is not 
so markedly halophytic as the other genera, various species 
(e.g. C. album) bemg commonly met with on waste or 
cultivated ground and presenting the ordinary herbaceous 
characters. The plants are mostly herbs, in which the 
stems and leaves are often succulent and fleshy and serve 
for the storage of water. The leaves are occasionally 
absent (e.g. Salicornia); when present they are 
exstipulate and 
alternate, or 
occasionally op- 
posite (sp. of 
Atriplex). They 
often feel gran- 
ular or mealy to 
the touch owing 2948 
to the presence Fig. 272. 
of small hairs; A, Flower of species of Chenopodium ; 13, Flower of Bect 

: . In section. 
this is very 
noticeable in species of Chenopodium. 

The inflorescence is frequently mixed; racemes, panicles, 
and spikes of small cymes are common. ‘I'he flowers (fig. 
272) are small and inconspicuous, regular, monochlamy- 
deous, hypogynous, hermaphrodite, or occasionally (Atri- 
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ple) unisexual and either moneecious or dicecious. Perianth 
poly- or gamo-phyllous, small, sepaloid, and persistent. It 
usually consists of five leaves (the rule in Chenopodium, 
Beta, Salsola, and Sueda), sometimes of three or four 
(Salicornia) ; in the female flowers of Atriplex there are 
only two. Stamens usually as many as the leaves of the 
perianth and opposite them, hypogynous, sometimes 
perigynous (Beta); Salicornia has either one or two. 
Gyneceum of two, sometimes three, carpels, syncarpous ; 
ovary unilocular, superior (half inferior in Beta) with one 
basal campylotropous ovule. Fruitasmall nut enclosed in 
the persistent perianth. Seed albuminous or occasionally 
exalbuminous; the embryo is curved or spirally twisted 
round the endosperm. 

Salicornia herbacea isa small leafless plant which is widely distributed 
in Britain and grows on muddy shores. It has succulent jointed 
stems. The flowers are placed two or three together in little cavities, 
two of which are found opposite to each other at cach node. ‘The 
flower has a fleshy perianth with three or four teeth, one or two 
stamens, and a pistil of two carpels. 

There are some familiar cultivated forms. The Garden 
Beet, the Sugar Beet and the Mangold Wurzel are cultivated 
varieties of the Wild Beet. They are biennials and sugar 
is stored up in their roots. Chenopodiwm Bonus-Henricus 
(All-good or Good King Henry) is cultivated under the 
name of ‘‘Mercury.” Spinacia oleracea is the Spinach; 
the flowers are in dichasia and are dicecious. 


(b) POLYPETALA. 


§ 19. Polygonacee. . 

Distinguishing characters :—Flowers polypetalous, hypo- 
gynous, usually hermaphrodite; trimerous or sometimes 
dimerous, but the number of parts often increased by duplica- 
tion or diminished by suppression. Characters of ovary, 
ovule and fruit. The presence of an ochrea is characteristic 
of the order. 

This order is represented in the British Flora by the 
three genera Keumea (Docks and Sorrels), Polyyonum (e.g. 
P. aviculare, the Knotgrass) and Ozyria (the Mountain 
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Sorrel). Other genera are Rhewm (e.g. R. rhaponticum, 
the Rhubarb, R. officinale the medicinal Rhubarb) and 
Fagopyrum the Buckwheat. They are mostly herbs. The 
leaves are simple and alternate, with ochreate stipules, and 
the stems are swollen at the nodes, The acid properties 
found in most of the plants are due to the presence of 
various oxalates (p. 36). 

The inflorescence in most cases is mixed, commonly a 
raceme or paiucle 
of cymes. The 
flowers are hypo- 
gynous and usual- 
ly hermaphrodite. 
They are typically 
trimerous, some- 
times dimerous, 
but the number 
of parts is often 
increased. by du- 
plication or di- 
minished by sup- 
pression. Uni- 
sexual flowers 
occur in the Sor- 
rels; Rumez 
acetosa, the Sor- Fig, 273.—Ponyconacem, 


rel, is MONGCIOUS; A, Flower and pistil of Polygonum Persicaria (2 
: styles); B, Flower of Ozyria; C, Flower of a species 

Le. acetosella the of keane D, Fruits of species ‘of, Iumex showing 

Sheep s Sorrel, 18 persistent perianth (a swollen midrib of petal). 


dicecious. The 

perianth typically consists of three sepals and three 
petals resembling each other, and either sepaloid or 
petaloid (fig. 273, c, 274, a). It is polypbyllous, imbricate 
in aestivation, inferior and persistent. his typical 
condition is found in IRumex and Rheum, and in these 
genera the inner segments (petals) enlarge during the 
development of the fruit and invest it. In Polygonum 
(figs. 273, a, 274, B) the anterior segment of the muner 
series (petal) is suppressed so that the perianth con- 
sists of five leaves (P,,, or K,C,); here the three 
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outer segments become enlarged and invest the fruit. 
In Oxyria (fig. 273, 8) there are two sepals and two petals 
(P,,, or K,C,). The Andrecium consists typically of 


six stamens (A,,,), but this typical condition is seldom 


found. Usually there is chorisis (= duplication or dé- 
doublement) of one or more of the stamens of the outer 
series, and this may be accompanied by suppression of one 
or more members of the inner series (see fig. 274). In 


Fig. 274.—Froran Diagrams. 
A, Rumex; B, Species of Polygonum, 


Rheum there are nine stamens, all the outer stamens being 
duplicated (A,,.,,). In Rwmew the outer are all dupli- 
cated, but the inner suppressed (A,,,,,). In Polygonum 
there are five to eight stamens; usually two outer 
stamens are duplicated, and one or more of the inner ones 
suppressed. In Oxyria, where the arrangement is dimerous, 
there are six stamens, the two outer ones being duplicated 
r 1 « “7 » 
(Ay xo49): The Gyneceum is usually tri-carpellary and 


syncarpous; in Oxyria and some species of Polygonum 
(e.g. P. amphibium) it is bicarpellary (fig. 273, a). The ovary 
is unilocular, superior, with one basal orthotropous ovule 
(fig. 112, p. 180); stigmas two or three. The fruit (fig. 
273, D) is ovoid when there are two carpels, triangular when 
there are three. The persistent membranous perianth 
provides for wind dispersal. The seed is albuminous. 
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An annular honey disc is present in Polygonum at the 
base of the stamens, and the flowers are entomophilous. 
Some species are marsh or water plants, e.g. P. amphibium, 
P. Persicaria, P. Hydropiper (water-pepper). P. amphib- 
vum also grows on dry ground where the long petioles of 
the aquatic form are lost. P. viviparum is an alpine form ; 
it has small flowers, which rarely form fruit, and some of 
the lower ones are frequently replaced by little red bulbils. 
In P. Convolvulus, the Black Bindweed, the stem is twining. 
P. aviculare has cleistogamous flowers. 

In fumez there is no honey disc. ‘lhe stigmas are long 
and feathery, and the flowers are wind-pollinated. Rhewm 
is entomophilous. Fagopyrum resembles Polygonum, and 
is sometimes placed in that genus (Polygonum Fagopyrum). 

The Polygonacee were formerly placed amongst the 
Incompletze near Chenopodiacex, but the double perianth 
prohibits this arrangement. Its affinities amongst the 
Polypetale have not yet been clearly made out. It is not 
closely allied to any of the orders considered in this book. 


§ 20. Violacee. 


Distinguishing characters :—Flowers polypetalous, hypo- 
gynous, pentamerous; stamens five; pistil tricarpellary, 
syncarpous ; ovary unilocular ; placentation parietal ; fruit 
a capsule. In European species the flowers are zygomorphic 
and the anterior petal is spurred. 

‘The only European geuus in this order is Viola, to which 
the various kinds of Violet and Pansy belong. Viola 
odorata is the Sweet Violet; V.canina, the Dog Violet; V. 
sylvatica, the Wood Violet; V. palustris, the Marsh Violet; 
and V. tricolor, the Pansy or Heart’s-ease. 

In this genus the plants are herbaceous, either annual, 
or perennating by means of rhizomes. Some species have 
runners (V. palustris and V. odorata). The leaves are 
alternate, and have large stipules, especially in the various 
kinds of Pansy, where the stipules are leafy and discharge 
the function of foliage leaves. The flowers (in British 
species) are solitary and axillary. They are polypetalous, 
hypogynous, pentamerous, irregular and zygomorphic, her- 
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maphrodite, bracteate and bracteolate (figs. 118, 275). Calyx, 
of five sepals, polysepalous, inferior, persistent, mbricate ; 
the sepals usually prolonged downwards below the point of 
attachment. Corolla of five petals, polypetalous, zygo- 
morphic; the anterior petal has a spur serving as a receptacle 
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PUNSOE CONNECTIVE 65 aay ter nen 
SHUTTER OF STIGMA 


Fig. 275.—Pansy (VioLa Triconor). 
Vertical Section of Flower. 


for honey, and the lateral petals sometimes have a tuft of 
hairs; aestivation imbricate. Andreecium of five free stamens 
with very short filaments, surrounding the ovary; anthers 
introrse and surmounted by membranous outgrowths of 
the connective; the two antero-lateral stamens bear greenish 
horn-like appendages projecting into the spur of the 
anterior petal and functioning as nectaries. Gyneceum 
of three carpels, syncarpous; ovary unilocular, superior ; 
ovules «, anatropous, on three parietal placentas; style 
single; stigma usually pointed and oblique, sometimes 
capitate and hollow (Pansy). The fruit is a unilocular 
capsule dehiscing longitudinally into three concave 
valves, which by their contraction squeeze out the 
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seeds, sometimes with considerable force. The seed is 
albuminous; in the Pansy a small aril is developed 
at the hilum. 

Floral formula :—K 5UsA5G 5): 


The flowers are specially adapted to pollination by bees, 
although some of the smaller flowered species are also 
visited by flies and other short-tongued insects. In those 
species with pointed or hooked stigmas (without a valve or 
shutter), the insect may touch the stigma on withdrawing 
and self-pollinate the flower. In most of the British 
species, however, except V. tricolor, the flowers frequently 
fail to produce seed, and cleistogamous flowers are developed 
later (see p. 197). In these flowers the calyx is closed 
and the petals are rudimentary. 

The other genera belonging to the order are tropical or 
subtropical. Most of them are distinguished from the 
genus Viola by their regular or nearly regular corollas, and 
the absence of nectar-spurs on the stamens. Many of them 
are shrubs and trees. 


§ 21. Malvacee. 

Distinguishing characters :—Flowers polypetalous, hypo- 
gynous, usually pentamerous, Stamens x owing to branch- 
ing, monadelphous, bearing half-anthers. Fruit usually a 
schizocarp. 

Plants represcuting this order are widely distributed in 
the warmer regions of the globe. The Mallow (Malva 
sylvestris, M. rotundifolia) and the Marsh-Mallow (Altha:a 
officinalis) are the commoner British forms. Althea rosea 
is the Hollyhock. <Abutilon and Hibiscus are frequently 
cultivated in hothouses. Gossypium is the Cotton plant. 

The plants are herbs or shrubs with alternate, stipulate, 
multicostate leaves. The flowers (fig. 276) may be solitary 
or in cymose inflorescences. They are regular, hermaphro- 
dite, hypogynous, and usually protandrous. Calyx usually 
gamosepalous and five-fid; valvate. An epicalyx is usually 
present, consisting of three or more leaves representing 
bracteoles and their stipules (see p. 168). Corolla regular, 
polypetalous, usually of five petals, which are adherent to 
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the base of the staminal tube, twisted in aestivation. 
Stamens < and monadelphous, bearing half-anthers. They 
are derived by the copious branching of five antipetalous 





_ STIGMAS 


Fig. 276.—Verricat SxcT1on or FLOWER OF SPEcrEs OF MatLow. 


stamens ; five antisepalous stamens, which have been lost, 
are still sometimes represented by staminodes (Hibiscus). 
The anthers have transverse dehiscence. Gyneeceum poly- 
carpellary (5--cc), syncarpous 
(occasionally almost apocarpous) ; 
ovary superior, multilocular; pla- 
centation axile; ovules l—oc in 
each loculus; styles united ; stig- 
mas free. Fruit (fig. 277) usually 
a carcerulus (see p. 211), splitting 
into aS many mericarps as there 
are carpels, or a many-seeded ae, 

capsule (Hibiscus, Gossypiwm). M8: ?"7-y,CARcERULUS oF 
Seed with scanty endosperm, 

sometimes with hairs on the testa, eg. in Gossypium, 
where the cotton consists of the hairs. 
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Cp 
Floral formula:—K,,.C,A_ G_. 
ED a Sas oe fo 

In the different species of Mallow the column of stamens 
forms a convenient landing stage for a variety of insects, 
chiefly bees. Honey is secreted by the receptacle in five 
little pits lying between the bases of the petals and 
protected by hairs. Some species, however, e.g. M. rotun- 
difolia, which is nearly homogamous, are often self- 
pollinated by the curling over of the stigmas. 


§ 22. Tilia (the Lime), a genus 
placed, along with many _ tropical 
genera, in the order Tiliaces, is closely 
allied to the Malvacew. Lilia Europea, 
the Common Lime, is the only British 
species. 

The branching is sympodial (see p. 
65). The leaves are asymmetrical 
(oblique), alternate and stipulate. The 
inflorescence is a small dichasial cyme 
(fig. 278). It ariscs in the axil of a 





Vig. 278,—INFLORESCENCE OF Tig. 279-—VeERvicat Srcrion OF FLOWER OF 
LIMe. Lime. 


foliage leaf, and its peduncle is adhcrent (adnate) to a large lanceolate 
bract. This bract is developed from one of the scales of the bud which 
produces the inflorescence ; in the axil of the opposite scale a resting 
bud is present which will develop in the following spring. | The bract 
protects the flowers and later serves for dispersal of the fruits. 
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The flower (fig. 279) is pentamerous. ‘The petals areimbricate, not 
twisted as in Malvaceew. There are numerous stamens arranged in 
five antipetalous bundles. ‘he anthers are normal. There are five 
carpels, and each cavity of the compound ovary has two anatropous 
ovules, but only one loculus, and as a rule only one ovule, develops. 
The fruit is a nut. The secd is albuminous. The flowers are pro- 
tandrous, strongly scented and visited by numerous insects, chiefly 
bees. ‘The nectaries are at the base of the sepals, and the honey is 
freely exposed. 


§ 23. Geraniacee. 


Distinguishing characters :—Flowers polypetalous, hypo- 
gynous, pentamerous, usually regular ; stamens typically ten ; 
fruit schizocarpre. 


To this order, which is widely distributed, especially in 
temperate regions, belong the various species of Crane’s- 
bill (Geranium) and Stork’s-bill (Hrodium), Geraniwm 
pratense is the Meadow Crane’s-bill; G. sylvaticum, the Wood 
Geranium ; G. Robertianum, Herb Robert. Pelargonium 
is a Cape genus to which our cultivated geraniums belong. 

They are annual or perennial herbs with swollen, usually 
jointed nodes, and often covered with glandular hairs, 
The leaves are opposite or, occasionally, alternate, simple, 
palmately veined, deeply incised and stipulate. The flowers 
(fig. 280) may be solitary, but are usually in cymes, few 
‘or many flowered (see p.190). They are usually regular 
and actinomorphic, pentamerous, and hypogynous. Calyx 
polysepalous, of five sepals, imbricate, inferior, persistent. 
Corolla of five regular, unguiculate petals, twisted in 
aestivation. Stamens typically ten, in two series, five 
long and_ opposite the sepals, five short and opposite the 
petals, obdiplostemonous, the bases of the filaments 
expanded and slightly connate. In Erodiwm there are 
only five, the five antipetalous ones being represented by 
scaly staminodes. In a few species of Geranium also 
(e.g. G. pusillwm) these stamens have no anthers. Gyne- 
ceum syncarpous, of five carpels fused round a prolonga- 
tion of the axis (carpophore) ; ovary superior, with five 
loculi; ovules one or two in each loculus, anatropous, pen- 
dulous; styles united to the carpophore; stigmas free. 
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Fruit a schizocarp (see p. 210, fig. 144,p). The five car- 
pels with their long persistent styles (awns) separate from 
the carpophore. In most species of Geranium the one- 
seeded portions (cocci) are dehiscent and roll up with 


_ STIGMAS: 





Fig. 280.—Verrticat SrcTion or FLower Ov SPECIES ov Geranium, 


some force so that the seeds are shot out (explosive fruit). 
In Erodium the parts are indehiscent ; the sharp-pointed 
awns are hygroscopic, curling up in a corkscrew fashion in 
dry weather, straightening out in damp weather. This 
tends to bury them in the soil. The seed has little or no 
endosperm. 

Typical formula :—K,C,A,,,G(5). 

In Geranium and FHrodium tive nectar glands repre- 
senting a disc are found as little cushions just outside 
the bases of the antisepalous stamens. The perennial 
species of Geranium (G. sanguinewm, G. sylvaticum, G. 
pratense, G. pyrenaicum) are protandrous and entomo- 
philous, but many of the annual species are only slightly 
protandrous (G. Molle, G. Robertianum), or protogynous 
(G. pusillum) and are frequently self-pollinated. 

In Pelargonium the flower is zygomorphic. There are no 
glands at the base of the stamens, but the pedicel contains 
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a glandular cavity which represents an adherent spur of 
the posterior sepal. 


§ 24. The orders to which the Indian Cress or Garden Nasturtium 
(Tropeolum), the Wood Sorrel (Oxalis acetosella), and the Balsams 
(Impatiens, e.g. I. noli-me-tangere, Touch-me-not) belong, are some- 
times regarded as sub-orders of Geraniacee, but are best kept distinct. 
The following notes indicate the chief points of difference :— 

Tropeolum :—the leaves are exstipulate, the laminac peltate, and the 
petioles in some species function as tendrils. he flower is zygo- 
morphic. ‘The posterior sepal has a spur at the bottom of which 

honey is secreted (cf. Pelargoniwn). ‘The 
2 three petals on the anterior side are unguicu- 
late and fringed with hair-like processes. 


‘There are only cight stamens, the median 
one of cach whorl being suppressed (fig. 281). 
The schizocarpic fruit (of three carpels) has 

Ou sats no carpophore. ‘There is no disc. 
\ Oxalis acctosella has a monopodial rhizome 
G © Oo (see p. 69), and radical trifoliate leaves. 
© OQ Fy, . The flowers are solitary and closely resemble 
G those of Geranium. The chief difference is 
Cee in the gynacecum and fruit. The styles are 
\ free and the fruit is a loculicidal capsule with 
two secds in each loculus. The seed is albu- 
Fig, 281.—Fnorat Dia- ‘™inous, and has a fleshy aril, which by its 
Gram or Tropwolum. sudden inversion shoots out the seed (see 
p- 217). Cleistogamous flowers, developed 
underground, also occur. The leaves of Ovalis show sleep-movements 
(p. 153) and some species (e.g. 0. yracilis) exhibit trimorphic hcterostyly. 
Balsams :—the flowers are very irregular. The calyx is petaloid. 
The posterior sepal is large and spurred; the two anterior ones may 
be minute or absent. The lateral petals on each side are fused. The 
stamens arc syngenosious. ‘I'he fruit is a five-valved explosive 


capsule with many seeds (see p. 217), Cleistogamous flowers are said 
to occur in J. noli-me-tangere. 


§ 25. Euphorbiaceae. 


Distinguishing characters :—Flowers hypogynous, uni- 
seaual, usually much reduced, occasionally dichlamydeous, but 
usually mono- or a-chlamydeous ; stamens 1— «x; gyneceum 
usually of three (or two) carpels, syncarpous;* fruit a 
schizocarp, often explosive. 


_ Nearly all the plants belonging to this large and 
interesting order have laticiferous “cells” or vessels. 
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Most of them live in warm climates, including the Castor 
Oil plant (Ricinus communis), and many species of Fuphor- 
bia and Croton. Shrubs and trees are common amongst 
these exotic forms, and many of them (e.g. species of 
Euphorbia) show very curious vegetative characters in 
adaptation to xerophytic conditions. In these xerophytic 
forms the leaves are frequently absent or reduced to spines. 
In such a case the stems take on the functions of assimila- 
tion and may form phylloclades (which, being vertically 
placed, transpire less than leaves), or may become swollen 
and more or less cactus-like and thus serve for the storage 
of water. 

The only forms indigenous to Britam are a few small 
herbaceous species of Huphorbia (Spurge) and Mercurialis. 
H. helioscopia, the Sun-Spurge, is common on waste 
ground ; M. perennis, the Dog’s Mercury, in woods. 

The inflorescences may be racemose or cymose and are 
often complex. ‘The cyathium is 
the characteristic inflorescence 
in Huphorbia (figs. 130, 282). 
The flowers are unisexual, monee- 
cious or dicecious, and often much 
reduced; in Euphorbia, for ex- 
ample, the male flower consists 
of a single stamen. Occasionally 
calyx and corolla are both presen! 
and are hypogynous (e.g. species 
of Croton), but frequently bhi ee wage Se gent Fane how Brito 
corolla is wanting (fig. 283) and “amen or Euphorbia, 
sometimes also the calyx. Stamens 
few or many, sometimes one (Huphorbia). The gyne- 
ceum is the part which shows the most constant 
characters. It is usually tricarpellary (or bicarpellary) 
and syncarpous; the ovary is trilocular (or bilocular) 
and superior: there are one or two pendulous, anatro- 
pous ovules in each loculus. The fruit is a schizocarp, 
breaking, often with violence, into dehiscent portions 
(cocci). The seed is albuminous and frequently has an 
aril developed from the micropyle (e.g. Castor Oil seed, 
fig. 138). 
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The British species of Euphorbia are either annuals (Z. helioscopia) 
or perennials with rhizomes. Some of them grow on sandy shores 
(e.g. HZ. Paralias), and have rather thick coriaceous leaves. The cup- 
shaped or tubular involucre of the cyathium (figs. 130, 282) consists of 
five bracts with intervening glandular scales representing their fused 
stipules. Inside the involucre, the stamens (male flowers) are arranged 
in five groups, each group representing a scorpioid cyme, the oldest 
stamens towards the centre. Each stamen is articulated to a slender 
pedicel, at the base of which there is a scaly bract. In the centre of 
the involucre there is a single female flower borne on a stalk. It 
consists of the typical tricarpellary gynaceum with a single ovule in 
each loculus. The fruit is explosive. 

Mercurialis perennis sends up numerous shoots with opposite leaves 
from a much branched rhizome. It is dioecious, the male plants being 
usually much more nu- 
merous than the female. 
The flowers (fig. 283) are 
borne in small clusters 
on axillary spikes, the 
female flowors few in 
number. Each male 
flower consists of a calyx 
of three small green 
sepals and from ten to 

Fig. 283.—MaLu anp FEMALE Flowers oF twelve stamens. There 

MERCURIALIS PERENNIS. is no corolla. The 

female flower has a 

similar calyx, and a bicarpellary pistil with large curved stigmas, 

and one pendulous ovule in each loculus. A few fine hairs arc 

present representing rudimentary stamens. The fruit is similar to 
that of the spurge. ‘The flowers are anemophilous. 

Ricinus communis is monoecious. Its flowers have a calyx, but no 
corolla, and the stamens are numerous and much branched. Castor 
oil is obtained from the seeds. The seeds of Croton Tigliwn yield 
croton oil, and from C. Cascarilla cascarilla bark is obtained. 





The Euphorbiacese were formerly placed in the In- 
completae, but the occurrence of dichlamydeous forms, 
taken along with the extensive reduction of floral structure 
which is characteristic of the order, shows that they really 
belong to the Polypetale. The characters of the fruit 
indicate a relationship with Geraniacee. 


§ 26. Crassulacez. 


Distinguishing characters :—F lowers polypetalous, perigynous 
or subhypogynous, hermaphrodite, actinomorphic; usually penta- 
merous (or tetramerous), but the number of parts varies within 
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wrde limits; stamens usually twice as many as the petals ; pistil 
apocarpous ; frurt an etervo of follicles. An order of succulent 
xerophytes. 


Common plants belonging to this order are the various 
species of Stonecrop (Sedum), the House-leek (Sempervivum 
tectorum), and the Pennywort (Cotyledon Umbilicus). Most 
of them are xerophytes growing on rocks, walls, house- 
tops, or sometimes on sandy places near the sea, and have 
crowded fleshy leaves with waxy epidermis. Some are 
annuals or biennials, but the majority perennate by means 
of rhizomes. Propagation by offshoots is common (Fig. 
41, p. 68). 

The ies are cymose (scorpioid), and the bracts 
are sometimes adherent to the axillary axes. The flowers 
(fig. 284), are 
regular, actino- CARPELS 
morphic, herma- 4 COROLLA - 
phrodite, subhy- ; 
pogynous or peri- 
gynous. Sedum 
Rhodiola, the 
Rose-root, is dice- 
cious. The peri- 
gynous condition 
is not strongly 
marked. Calyx 





Tig. 284. 

— - ramo- 

poly Oe 2 A, Flower of species of Sedum; B, Flower of 
sepalous, usually Cotyledon Umbilicus. 


of five (or four) 

sepals, but occasionally of less or more, persistent, 
inferior. Corolla regular, polypetalous (exceptionally 
gamopetalous as in Cotyledon where it is tubular, fig. 
284, B); petals as many as the sopals, imbricate in aesti- 
vation. Stamens usually in two whorls and twice as many 
as the petals, perigynous or subhypogynous. Gyneceum 
polycarpellary, apocarpous; carpels as many as the petals, 
sometimes slightly coherent; ovules x, anatropous, with 
marginal placentation. Fruit an eterio of follicles. Seed 
albuminous, but the endosperm small in amount. He 

Bot, 
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Floral formula :—K, C, Angn Gn 
where n is most frequently 5. 

In the House-leek the parts are usually in sixes, and 
frequently the stamens are transformed into carpellary 
structures bearing rudimentary ovules. 

In the majority of Crassulacezw small nectariferous scales 
occur just outside the bases of the carpels. The flowers 
are usually protandrous, and as the honey is easily reached 
they are visited by many kinds of insects. 

The Crassulacece are closely allied to Saxifragacew. 


§ 27. Saxifragacee. 


Distinguishing characters ;:—Flowers polypetalous; subhy- 
pogynous, perigynous, or epigynous ; pentamerous (or tetramer- 
ous). Stamens 10 (or 8). Carpels 2-5, frequently 2, connate, 
but often more or less free above; ovary unilocular or multilo- 
cular, superior, or more or less distinctly inferror.  Placentation 
axile or parvetal. Fruit a capsule or berry. 


This order, which is closely allied to Rosaceze and Crassu- 
laceee, has representatives in nearly all parts of the globe, 
and includes plants of very diverse habit and appearance. 
They are chiefly herbs or shrubs with radical or alternate, 
occasionally opposite, exstipulate leaves. In a few exotic 
genera trees are found,.and some of them have stipulate 
leaves. The order has been subdivided into a number of 
tribes or sub-orders, which some botanists, however, regard 
as distinct orders. Of these the most interesting is that of 
the Saxifrageze, which consists largely of plants growing 
on rocks and mountains, often at high altitudes. ‘There 
are only four British genera—Saxifraga and Chrysosplenium 
(sub-order Saxifrages), Parnassia (sub-order Parnassice), 
and Ribes (sub-order Ribesiew). Amongst exotic genera 
the better known are Hydrangea, Deutsia, Escallonia and 
Philadelphus; the last named is commonly cultivated in 
shrubberies under the name of Syringa or Mock Orange. 

_ The inflorescence may be racemose or cymose; some- 
times the flowers are solitary. The flowers (fig. 285) are 
hermaphrodite, andareinteres'ing as showing various stages 


in the transition from hypogyny to perigyny and epigyny. 
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The calyx consists of 5 (or 4) sepals and may be poly- 
sepalous or gamo- 
sepalous, superior or 
inferior. Corolla 
regular, polypetal- 
ous, usually of 5 
(or 4) petals; aestiva- 
tion imbricate. Oc- 
casionally the corolla 
is wanting (Chryso- 
splenium, fig. 285, »). 
Andrecium usually 
of 10 (or 8) free sta- 





Fig. 285. 


mens, obdiplostemon- A, Flower of a Saxifrage. B, Flower C, Ovary 
ous ; subhypogyn- of Chrysosplenium, 


ous, perigynous or 

epigynous. Gyneceum of 2-5 carpels, frequently 2, connate, 
but usually more or less free above; ovary unilocular or 
multilocular, superior, or more or less distinctly inferior ; 
ovules «, anatropous; placentation parietal or axile; styles 
free. Fruit a capsule or berry. Seeds albuminous. 


Saxifraga (Saxifrage) :—most species of Saxifrage are alpine plants 
and show xerophytic adaptations. In some there are chalk glands 


© 


© 


(oe 


© 


ee 7 : 3 
LG Fig. 287.—Pisvins oF sprctus oy SAXIPRAGE 





ae (in section). 
Fig, 286.—F'norat Diacram = A, S. granulata, with superior ovary ; B, S. tri- 
i ov Saxifraga. dactylites, with infcrior ovary. 


(p. 52) on the leaves, leaving in dry conditions a deposit of carbonate 
of lime which closes the pores. The flowers (fig. 285, A, 286) are usually in 
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cymes, sometimes racemose or panicled, The pistil is bicar ellary, the 
two carpels usually diverging from each other above, and either free 
from the thalamus or more or less sunk in it (fig. 287). The ovary is 
bilocular ; the placentation axile. Fruit a capsule more or less divided 
above. Honey is secreted round the ovary and is accessible to short- 
tongued insects of various kinds (flies, etc.). The flowers are usually 
protandrous. Typical alpine species are S. oppositifolia and S. stellaris. 
S. granulata (Mcadow Saxifrage) and §. tridactylites are found in the 
low grounds. The former produces little pink or brownish bulbils in 
the axils of the lowest leaves. ‘The latter grows on walls. 8S. wmbrosa 
is London Pride. 

Chrysosplenium oppositifolium is the Golden Saxifrage. It has small 
clustered cymes of tetramerous, apetalous flowers (fig. 285,8, c). The 
ovary is unilocular with two parietal placentas, and is deeply sunk in the 
thalamus. It is slightly protogynous and is visited by small insects. 
C. alternifolium is very similar, but has alternate, not opposite, leaves. 
Tts flowers are homogamous. Hoth species grow in wet or marshy 
places, often together. ‘ 

Parnassia palustris, the Grass-of-Parnassus, grows in bogs. It has 
radical leaves and solitary flowers. The flowers (fig. 288) are penta- 
merous, but the five stamens opposite the petals are transformed into 





Parnassta palustris. 


branched staminodes, the branches ending in glistening knobs which 
often deceive flies. The honcy is secreted on these staminodes at their 
bases. The flowers are markedly protandrous and the stamens dehisce 
in succession above the ovary. T’o obtain the honey insects must 
reach the middle of the flower, cither from above or by making their 
way over the barricade of staminodes. The unilocular ovary is slightly 
sunk in the thalamus and has four parietal placentas. Fruit a loculi- 
cidal capsule, 

In Rides (fig.289) , the ovary is inferior and has two (occasionally three) 
parietal placentas. There are only five stamens. The fruit is a berry 
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(sec Gooseberry, p. 213). 2. rubrum is the Red Currant; 2. nigrwn, 
the Black Currant. In both species ’ 
the flowers, which are in racemes, 
are homogamous and often self- 
pollinated. R. Grossularia, the 
Gooseberry, has spines (p. 124). 
The flowers are borne 1 or 2 to- 
gether. They are protandrous 
and, owing to the elongation of 
the thalamus above the ovary, are 
adapted for pollination by sinall 
becs. &. alpinum is dicecious. RK. 
sanguineum is the Flowering Cur- 
rant of our shrubberies. 

In the cultivated JTydrangea 
the flowers are in massive um- 
bellate cymes; all the flowers are 
neuter and have large petaloid 
sepals. In Philadelphus (Syringa) 
the flowers have an __ inferior FLower OF Goosenerry, 
4-locular ovary and numerous ‘In Ribes nigrum and Ribes rubrum 
stamens. the calyx-tube is not so decp). 





Fig. 289.—VeERtICAL SECTION oF 


§ 28, Onagracee. 


Distinguishing characters :—flowers polypetalous, epigynous, 
usually regular, tetramerous or dimerous. Stamens 8, some- 
times 4 or 2. Ovary multilocular, Placentation axile. Fruit 
usually a capsule or berry, 





Fig. 290.—Verrricar Section or Sprcims or Lpilobinm, 


This order is confined for the most part to temperate 
regions, and is chiefly represented by herbaceous per- 
ennials. A few forms only are shrubby. Common 
British plants are the Willow-herbs (Zpilob/um), the 
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Evening Primrose ((nothera biennis), the _Enchanter's 

Nightshade (Circea). The Fuchsia is a familiar exotic. 
The leaves are alternate or opposite and exstipulate. 

The flowers (figs. 290-293) may be solitary, or borne in 


_--- PETAL 





s . ‘ 4 
CALYX-TUBE 
Fig. 291.—Verticat Secrion or PLowrerR or EvENING PRIMROSE. 


racemes, spikes, etc. They are regular or sometimes 
slightly zygomorphic, hermaphrodite, tetramerous, or (in 
Circea) dimerous, epigynous, There is a honey disc on top 
of the ovary and the thalamus is frequently prolonged 
above the ovary into a 
tube bearing the sepals, 
petals, and stamens— 
markedly so in Gnothera 
brennis (fig. 291), which 
is pollinated in the even- 
ing by moths. Calyx of 
2 (Circéa) or 4 sepals, 
polysepalous, superior, 
sometimes petaloid (uch- 
sia); aestivation valvate. 





Fig. 292. Corolla usually regular, 
A, Flower; B, Fruit of Enchanter’s ° 
, Nightshade. polypetalous, of 2 (Cir- 


cea) or 4 petals; rarely 
absent as in Ludwigia*; aestivation twisted. Andreecium 


* Iudwigia palustris is the only British species. It grows in bogs in 
Sussex and Hampshire, but is very rare. 
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usually of 8 free stamens, sometimes 4 (Ludwigia) or 2 
(Circea). Gyneceum polycarpellary, syncarpous, usually of 
4 carpels, or 2 (Circea); ovary inferior, 4- or 2- locular; ovedes 
one in each loculus (Circea) or «, anatropous; placentution 
axile. Fruit a loculicidal capsule (Epilobiwmand Gnothera), a 


@) 


Vig. 293.—Froran Dracrams or ONAGRACES:. 
A, Epilobium ; B, Circwa. 


berry (/uchsia) or a nut ( Crreea, fig. 292, 8). Seed exalbumin- 
ous, sometimes with a hairy aril (p. 204). 


Floral formulae : —Epilob:um—K CAG aw: 
Crreaa—K, C,A,0 2 
2 (2) 


The Willow-herbs (Epilobinm) are plants of diverse habit. WL. 
angustifolium is found in copses ; EZ. hirsutum and parviflorwn grow by 
the side of ditches; Z. palustre, in bogs; some, e.g. EB. ulpinum, 
which is an alpine species, ascend to considcrable heights. The 
flowers are adapted to pollination by bees and butterflies and arc 
usually protandrous, but some of them, e.g. E. hirsutum, EB. parvi- 
florwm, and E, montanum are nearly homogamous, and are often 
self-pollinated by the bending back of the lobes of the stigma. 

In the Enchanter’s Nightshade (Circea) the fruit, a nut, has hooked 
bristles (fig. 292, B). ©. dutetiana grows in damp woods ; its fruit has 
two seeds. ©. alpina is found in hilly districts ; its fruit is onc-sceded. 
In the process of pollination the visiting insect tucks the two stamens 
underneath its body and gets dusted with pollen. C. alpina may be 
self-pollinated by the stamens bending over to the stigmas. 
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(c) GAMOPETALZ. 
§ 29. Ericacee. 


Distinguishing characters :—Flowers gamopetalous, hypo- 
gynous, epigynous in Vaccinium ; pentamerous or tetramerous ; 
stamens usually twice as many as the sepals and petals, and 
not epipetalous ; anthers often with appendages and opening by 
apical pores; pollen in tetrads; placentation axile. Shrubby 
plants growing usually on moors and hills. 


This is a widely distributed order consisting of woody 
shrubs, often of low growth, with alternate, opposite, or 
verticellate, simple, exstipulate leaves. Familiar examples 
are the whortleberry and cranberry, heaths, rhododendrons 
and azaleas. They are commonly alpine plants, or grow 
on moors and hills, generally in peaty soil. Many are 
evergreens, and most of them in adaptation to their 
environment are more or less markedly xerophytic. This 
is especially the case in the heaths where the leaves are 
narrowed and often rolled back, so as to cover over the 
under surfaco bearing the stomata, and thus prevent 
excessive evaporation. The roots 
of most Ericaceee have mycorhize. 

The flowers (figs. 294-297) are 
usually in racemes or racemose 
clusters. They are bractcato, 
hermaphrodite, regularand actino- 
morphic, or slightly zygomorphic 
(Rhododendron), hypogynous, or 
(in Vaccinium) epigynous. Calyx 
gamosepalous, 4- or 5- partite, 
persistent, inferior, or (in Vacei- 
nium) superior. Corolla regular 

Fig. 204,—Srure ov Eviea OF Slightly zygomorphic (Zthodo- 

Tetraliz. dendron), gamopetalous, 4- or 5- 

fid, usually globose, urceolate, or 

broadly campanulate, imbricate in aestivation, sometimes 
persistent (Lrica and Calluna). Stamens eight or ten 
in number, rarely five (<dsalea), obdiplostemonous, 
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hypogynous or (in Vaccinium) epigynous.* The anthers 
(figs. 295, 296) often have horn-like appendages (absent 


in Rhododendron), and open by 
apical slits or pores. The pollen is 
in tetrads (¢.c. the four pollen grains 
formed in each mother cell remain 
united), and may be powdery (Zrica 
and Calluna) or sticky (Rhododen- 
dron). Gyneceum of four or five 
carpels, syncarpous; ovary four-or 
five-celled, superior or (in Vaccinium) 
inferior; ovules one to « in each 
loculus, anatropous;  placentation 
axile; style simple; stigma capitate 
or four to five lobed. Fruit a 
septicidal 
orloculicid- 
al capsule, 
or a berry. 


adapted. 
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Fig. 295.—VrrricaL SKcrion 
or FLOWER or Krica, 


Seed albuminous. 

In the hypogynous forms there 
is a well-developed honey disc 
at the base of the ovary (fig. 295). 
The flowers are usually protan- 
drous, and pollination is generally 
effected by bees, to whose visits 
the flowers, often pendulous, are 


Rhododendron (fig. 297) :—'The flowers 
are pentamerous. They are placed more 
or less horizontally, and the stamens 
and style are bent slightly upwards so 
as to mect the body of the insect when 


Fig. 296. it alights, the stigma being touched first. 
A, Flower and Stamen of Arcto- [ho anthers have no appendages. The 


slaphylos Uva-ursi; B, Flower 
and Stamen of Vaccinium uli- 


fruit is a septicidal capsule. Azalea 


ginosum. differs from Rhododendron chiefly in 
having five stamens. 
Erica. The flowers (fig. 295) are tetramcrous. The corolla is 


* Ericacece and Campanulacew are the only gamopetalous orders in 
which the stamens are not epipctalous (see p. 391). 
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persistent. The anthers have appendages, The fruit isa loculicidal 

capsule. E. Tetralia (fig. 294) is the Cross-leaved Heath, 2. cinerea is 

the Bell-Heather. These are the com- 

e monest British species. Bees visiting 

the pendulous flowers first tonch the 

projecting stigma and then shake the 

anthers by pushing against their appen- 
dages. 

Calluna vulgaris (sometimes called 
Erica vulgaris), the Ling or Heather, 
is very abundant and widely distributed. 
It resembles Erica, but it has a petuloid 
calyx and a small corolla cut almost to 
the base. It is often wind-pollinated as 
the pollen tetrads are dry and readily 
blown out of the anthers. 

— Andromeda (the wild Rosemary) is a 

Fig. 297.—Frorarn Diacram or plant-with capsular fruit which grows in 

RHODODENDRON, peat bogs. Arbutus Unedo (Strawberry 

Tree) with baccate fruit is found at 

Killarney. Arctostaphylos Uva-ursi (fig. 296, A) and 4. alpina the Red 

and Black Bearberry, are alpine plants found inthe Highlands. In all 
these the anthers have appendages and the ovary is superior. 

Vaccinium is the only genus in which the ovary is inferior. For 
this reason it is sometimes placed by itself in an order Vacciniacex, 
but in all other essential respects it agrees with such forms as Erica 
and Arctostaphylos. The fruit is baccate. V. Myrtillus is the Whortle 
or Blae-berry ; V. Vitis-idea, the Cowberry ; V’. Oxycoccos, the Cran- 
berry ; V. wliginosum, the Bog Whortleberry (fig. 2963). 

Two plants forming a small order (Pyrolaceze) have also sometimes 
been included in the Ericacee-—Pyrola, the Winter-green, and Mono- 
tropa Hypopitys, the Bird’s Nest. The latter is a saprophyte with 
small yellow scaly leaves found in fir and beech woods. It obtains 
nourishment by means of a mycorhiza. 





SS 


§ 30. Oleacez. 


Distinguishing characters: Flowers gamopetalous, rarely 
apetalous, hypogynous, regular, usually 2- or 4- merous; 
stamens 2, cprpetalous, inserted on the base of the corolla; 
prstil bicarpellary, syncarpous; ovary bilocular ; seeds few. 


_ This is an order of trees and shrubs widely distributed 
in temperate and tropical regions. They have opposite 
decussate, simple or compound, exstipulate leaves. The 
only native British representatives are the Ash (Iraxinus 
excelsior) and the Privet (Ligustrum vulgare). Other 
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well-known forms are Syringa vulgaris, the Lilac, Jasminum, 
the Jasmine; Olea Europea is the Olive. 

The inflorescence may be racemose or cymose; it is 
frequently a racemose or thyrsoid cyme (e.g. Privet and 
Lilac). The flowers (figs. 298, 
299) are regular, usually herma- 
phrodite (polygamous in the Ash), 
hypogynous. No honey disc is 
developed. The calyx is gamo- 
sepalous, usually 4-fid (5-10 in 
Jasminum), inferior; absent in 
common Ash; valvate in aesti- 
vation. Corolla regular, gamo- 

etalous, usnally tubular and 
4-lobed (5-10 in Jasminum); ab- 
sent in common Ash; valvate or 
(in Jasminum) imbricate in aesti- yp. 509 __ un 
vation. foateeeitins of two free eee de 
stamens usually placed in the 
lateral plane, epipetalous and inserted on the base of the 
corolla. Gyneceum bicarpellary, syncarpous; ovary 
bilocular, superior; ovwes anatropous, one or two in each 
loculus, suspended (Ash, etc.) or ascending (Jasmine) ; 
style, single or absent; stigma, cleft. Fruit a 
loculicidal capsule (Lilac), a berry (Privet), a 
drupe (Olive) or a samara (Ash). Seeds 1-4, 
albuminous or (Jasmine) exalbuminous. 

—~ 


an , % 
Common formula : KC yA,Go: 





Ash, The inflorescence in the common Ash is racc- 
mose and clustered. ‘The plant is polygamous. ‘lhe 
flowers come out before the leaves; this, as in many 
other cascs, is an adaptation to wind-pollination. 

Fig. 299. The hermaphrodite flowers (fig. 299) are protogynous, 
lizrmarpury- and consist of two stamens inserted under the bi- 
pirk Frower carpellary pistil, and alternating with the two carpels. 





op Asn. Only one loculus and one seed come to maturity (sec 
fig. 36, p. 59). It is interesting to notice that Fraxinus 


Ornus, the Manna Ash of S. Europe, has both calyx and corolla, the 
latter 4-partite. 

The Lilac is pollinated by bees and butterflies, and Jasmine in the 
evening by moths, to which the length of its tube is adapted. 
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Jasminum differs considerably in some of its characters from the other 
genera, as indicated above, and is sometimes placed in a distinct order. 


§ 31. Boraginacese. 


Distingwishing characters: Flowers gamopetalous, hypo- 
gynous, usually regular, pentamerous ; stamens 5, epipetalous ; 
structure of ovary and fruit. Mostly hairy herbs. 


Common plants belonging to this order are the Borage 
(Borago), the Comfrey (Symphytum), Myosotis (¢.g. Myosotes 
palustris, the Water Myosotis, or Forget-me-not, and J. 
sylvatica, the Wood Myosotis), the Viper’s Bugloss (Zehvum 
vulgare), the Gromwell (Lithospermum), and the Hound’s- 
tongue (Cynoglossum). Pulmonaria, the Lungwort, is a rare 
plant in Britain. They are herbs with very hairy, some- 
times even bristly, stems and leaves. The stems are 
cylindrical and the leaves alternate, simple and often 
entire, exstipulate. 

The inflorescence is apparently a scorpioid cyme, or a di- 
chasium of scorpioid cymes; but some botanists believe that 
many of the so- 







USTYLE called — scorpioid 
i ANTHER cymes are really 
on * unilateral racemes. 


\y--- APPENDIX lowers (figs. 300, 
PETAL 301) usually regu- 
SS lar, sometimes 
slightly zygomor- 
phic (Hehium), 
pentamerous, hy- 
pogynous, occa- 






NECTARY QU:84 


i“ Ce aotam Gh sionally heterosty- 
ig. 300.—BoraGE (BoraGO OFFICINALIS). 3 Pul . 

Vertical Section of Flower. IC\O.8. & mOnar re 

and species of My- 


osotis). Bracts, when present, may adhere to the axillary 
axes (cf. Solanaces, Crassulacee, Tilia, etc.) Calyx ga- 
mosepalous, 5-partite, inferior, persistent. Corolla usually 
regular (slightly zygomorphic in Zehiwm), gamopetalous, 
5-lobed: tubular, funnel-shaped or rotate; usually imbri- 
cate in aestivation, In some genera (eg. Borago, Sym- 
phytum, Cynoglossum) the petals are ligulate, and the ligules, 
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which are scaly, constitute a corona which closes in the 
throat of the corolla (fig. 300). Stamens 5, free, epipe- 
talous. The anthers sometimes have appendages, e.g. in 
Borago (fig. 300). Gyneeceum and fruit as in Labiate (q.v.) 
In some forms, chiefly tropical, 
the style is not gynobasic, but 
terminal, aud the fruit is a drupe, 
¢.g. Helotrope. The seed is near- 
ly exalbuminous. 


Floral formula —K,6,A,G.. 


The Viper’s Bugloss is dimor- 
phic. Some plants are smaller 
than the ordinary ones, and pro- 
duce only female flowers. ‘This 
is the gynodiacious condition (cf. j. 30) Weer eas 
the gynomonocious condition in ~~ —Bonagrracke, 
Composit, p. 236).* 

In correlation with the varying length of the corolla 
tube, the flowers of Boraginacese are adapted to a variety 
of insect visitors. ‘The shorter-tubed forms, e.g. Jyosotes, 
may be pollinated by flies in addition to bees, ete. The 
longer-tubed forms, especially those with pendulous 
flowers (e.g. Comfrey, Borage, etc.) are adapted to polli- 
nation by bees. ‘The scales developed in the throat of the 
corolla keep off undesirable visitors, and causo the polli- 
nating insect to keep to a definite path in secking for the 
honey, which is secreted by a honey disc at the base of 
the ovary. In the Borage the insect touching the append- 
ages of the stamens disturbs the anthers, and gets 
dusted with pollen. 

The Boraginacew are closely related to Labiate, Con- 
volvulaces, and Solanacez. 
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§ 32. Solanacee. 
Distinguishing characters: Flowers gamopetalous, hypogynous, 
regular and pentamerous; stamens five, cpipetalous, sometimes 


* Gynodicecism is found also in some Labiate, c.g. Nepeta Glechoma, 
the Ground Ivy, and species of Plantago (sce under Plantaginacex), 


430 BOTANY. 


syngenesious ; pistil bicarpellary, syncarpous ; a fruit capsule 
or berry. 

This order is well represented in tropical countries, but 
only a few genera are found in Europe. It consists chiefly 
of herbs and shrubs with simple, more or less divided, 
exstipulate leaves, which are alternate in the vegetative 
region, but sometimes appear in pairs in the region of 
inflorescence. The following are some of the better-known 
members of the order:—Solanum dulcamara, the Night- 
shade or Bitter-sweet ; S. tuberosum, the Potato ; S. Lycoper- 
stcum, the Tomato; Atropa Belladonna, the Deadly Night- 
shade; Hyoscyamus niger, the Henbane ; Datura Stramonium, 
the Thorn-apple; Nicotiana Tabacum, the Tobacco Plant; 
Physalis Alkekengi, the Winter Cherry ; Lycium barbarum, the 
so-called ‘‘tea-plant” of English hedges and cottage 
gardens; and the various kinds of Petunia. Mandragora 
officinalis, the Mandrake, also belongs to this order. The 
Bitter-sweet, Henbane, and Deadly Night-shade grow wild 
in Britain. Many of these plants possess narcotic properties, 
and some are of medicinal importance, ¢.g., Atropa Bella- 

donna, from which 
snp Ate Pp the alkaloid atro- 
a A Poe ee pin, the active prin- 
ciple in belladonna, 
is derived. Others 
have edible fruits 
(Tomato) or tubers 







ek (Potato). 
he COROLLA The inflorescence 
WF - CALYX is usually a cyme, 


in which, some- 
times, the bracts 
Fig. 302.—Venricat, Suction oF FLOWER OF are adnate to the 
Solanum tuberosum. axillary axes (é.9. 
Atropa). ' The 

flowers (figs. 302, 303) are regular, or nearly regular, 
pentamerous and hermaphrodite. The calyx is gamose- 
palous, five-cleft, and persistent ; in the Winter Cherry, for 
example, it forms the red bladder-like investment to the 
fruit. The corolla is usually rotate (Bitter-sweet), or 
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campanulate (Atropa Belladonna). The stamens are five in 
number, epipetalous, and alternate with the lobes of the 
corolla. The anthers are sometimes connate (syngenesious, 
e.g. Solanum), and dehisce either by longitudinal slits 
(Atropa Lelladonna) or by pores (Solanum). The gyneceum 
is bicarpellary and syncarpous; the ovary usually bilocular, 
but it sometimes becomes multi- 

locular owing to the formation of & 

false septa (Datura). The two 
carpels are placed obliquely in the 
flower and not in the median plane 
(fig. 303). The placentas are axile, 
usually large and swollen, and bear 
numerous ovules. The style is 
single; the stigma simple or bilobed. 
The fruit is a capsule (J7yoscyamus 
and Datura) or berry (Solanum and 
Atropa). The seed is albuminous. 5. 30. onan D 

The flowers are entomophilous. “Gr solanun. 
Nicotiana is pollinated in_ the 

evening by moths. Solanum is visited for pollen. 

The Solanacez are closely allied to the Scrophulariaces. 
They are distinguished from the latter by their regular or 
nearly regular flowers, and by the oblique position of the 
carpels (a character, however, not easily recognised). 





ne es 


Floral formula icy Ke a A, Gy: 


§ 33. Plantaginacee. 


Distinguishing characters: Flowers gamopetalous, hypogynous, 
regular and tetramerous, small and tnconsprcuous ; stamens 4, 
with long filaments and versatile anthers; frot a pyxidium 
(rarely a nut). Plants with ribbed and usually radical leaves. 


This is a very small order though widely distributed in 
temperate regions, It contains only three genera, of which. 
two are represented in Britain—VPlantago, the Plantain, 
the only important genus, by five species, and Lettorella, the 
Shore-weed, by one. ‘The plants are annual or perennial 
herbs, The leaves are usually radical, without distinct 
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petioles, exstipulate and strongly marked with parallel ribs. 
Some species of Plantago are xerophytic. 

The flowers (figs. 304, 305) are borne in spikes on elon- 
gated axillary scapes. They are regular, isobilateral, 
usually hermaphrodite (unisexual in Littorella), hypogynous, 
small, inconspicuous, pro- 
togynous, and anemophil- 
ous. Calyx gamosepalous, 
deeply 4-partite, small, 
inferior, persistent. The 
sepals are diagonal. Corol- 
la regular, gamopetalous, 
usually tubular and four- 
lobed (salver-shaped), thin 
and membranous, imbri- 
cate in aestivation, per- 
sistent. Andrecium of 
4 free stamens, epipetalous 
(hypogynous in Littorella) 

with long persistent fila- 

A: Stive: Moe tee etiees ments; anthers versatile 

saemlpeil ined saad ot di with abundant pollen: 
Gyneceum bicarpellary, 
syncarpous ; ovary superior, bilocular, sometimes 4-locular 
owing to formation of false septa (Plantago Coronopus) 
or unilocular (Zittorella); ovules solitary and basal 
(Znttorella) or, usually, two or more with axile placenta- 
tion, anatropous or (in Littorella) campylotropous; style 
single; s¢igma simple or cleft. Fruita pyxidium (Plantago) 
or nut (ere Seed albuminous; in Plantago the testa 
is mucilaginous. 






STIGMA: 


Plantago major is the Greater Plantain; P. media, the Hoary Plan- 
tain; P. lanceolata, the Ribwort Plantain. Plantago Coronopus and 
P. maritima (the Sea Plantain) are xerophytic forms with linear leaves. 
The former is found in sandy placcs usually near the sea. The 
occurrence of the latter at the sea-side, in salt marshes and on moun- 
tains is interesting as showing that these differcnt habitats (sea-side 
and alpine) require somewhat similar xerophytic adaptation (see p. 157). 

The protogynous condition igreadily recognised in the spikes of 
Plantago (fig. 304, A). When the stamens of the lower flowers protrude 
after the withering of the stigmas, the stamens of the upper flowers 
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are still in the bud and the stigmas ready for pollination. Some 
specics may be visited by insccts for pollen. Plantago lanceolata may 
be dimorphic, some plants having only pistillate flowers (the gyno- 
dioecious condition—sce p. 429). 

Tattorella lacustris (Littorel or Shore-weed) is a small crecping aquatic 
growing on the margins or at the bottom of lakes and ponds. It has 
slender, radical, centric Jeaves with 
numerous cavities or spaces, and produces 
small spikes each of which bears two 
female flowers and one male. The flowers 
are anemophilous and the pistillate oncs 
ripen before the male. 


The Plantaginacese are regarded 
as an anomalous or degenerate 
order allied to Scrophulariacew. 
The tetramcrous arrangement with 
diagonally placed sepals is gencr- 
ally supposed to have been derived 
from a pentamerous condition by 8 Oy ee oa 
suppression of the posterior sepal 
and the postcrior stamen and the fusion of the two posterior 
petals (fig. 305, and ef. Specdwell, p. 234). 





§ 34. Campanulacee. 


Distinguishing characters:—Flowers gamopetalous, epigy- 
nous, pentamerous; stamens 5, usually not epipetalous ; 
gyneceum of 2-5 carpels, syncarpous ; placentation axile ; frurt 
capsular and dchiseing by valves or pores, Mostly herbs with 
milky latex. 


The plants referred to this order are usually herbs, often 
with milky juice, sometimes low shrubs. ‘hey are widely 
distributed in temperate regions. The leaves are simple, 
alternate, and exstipulate. Familiar examples are the 
Harebell (Campanula rotundifolia), Lobelia, and the Sheeps’- 
bit Scabious (/Justone montana), a plant common on hilly 
pasture ground. 

The inflorescence may be racemose or cymose. In 
Campanula the apparent racemes are really racemose cymes 
as shown by the fact that there is a terminal flower which 
usually opens first. In Jastone und Phytewma, the Rampion, 

Bet. 28 
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the flowers are in capitula. 





EMBRYO 
Fig. 306.—Campanula. 


A, Vertical Section of Flower; B, Fruit; C, Longi- 
tudinal Section of Seed, 


persistent. 


Flowers (figs. 306, 307) regular, 


or zygomorphic and 
bilabiate (Lobelia), 
hermaphrodite, epi- 
gynous, markedly 
protandrous. In Lo- 
belia the flowers are 
resupinate (see p. 
240); the odd sepal 
is developed anteri- 
orly (cf. Legumi- 
nose), but owing to 
the twisting of the 
pedicel it comes to 
occupy its usual 
posterior position. 

alyx gamosepal- 
ous, 5-cleft, superior, 


Corolla of 5 petals, gamopetalous, regular 


(Campanula) or irregular (Lobelia); aestivation valvate. 


Stamens 5, free or syngenesious 
(Lobelia), usually epigynous* (epi: 
petalous in Lobelia), 
the filaments are usually flattened 
and more or less_ triangular, 
occasionally united. G@yneceum 
of 2-5 carpels (often 3), syncar- 
pous; ovary multilocular, inferior; 
placentation axile; ovules x, anatro- 
pous; style single; stigmas 2-5, 
reflexed when unfolded. Fruit 
(fig. 306, B) a capsule, dehiscing by 
pores at the base or apex, or by 
lateral valves. 


The bases of = 
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Fig. 307.— Fiorau Diacram 
or Campanula. 


Seeds albuminous (fig. 306, c). 
Floral formule :— Campanula: Ky 


Jastone: Ks) Ors) As) G 


G_.. 


5 (3-5) 


Gi 


(2-8) * 


Lobstiauetin lle okt t 
ODE Ro odheks is epee foeiaa (ay 


* See footnote p. 425. 
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In Campanula (figs. 306, 307) the corolla is campanulate and 5-toothed, 
the gynaceum usually tricarpellary. The flowers are markedly 
protandrous, the stamens shrivelling up when the flowers open, execpt 
their triangular bascs which persist and cover over the honey disc 
which is developed on top of the ovary. The pollen grains escape 
from the anthers when the flower is still in the bud condition and 
adhere to hairs on the style. The flowers are chicfly adapted to polli- 
nation by becs, but, failing cross-pollination, self-pollination may take 
place by the stigmas bending back and reaching the pollen on the style. 
The Canterbury Bell (C. medium) is a cultivated species with many 
varicties; it has five carpels. 

In Phytewna (the Rampion) the corolla is deeply cleft, but the tips 
of the petals are at first united and hold the stamens together so that 
the developing stigmas, still folded up, push through them and brush 
out the pollen, which, as in Campanula, adheres to tho style. In 
Jasioné also the stigmas act as a pollen brush, but here the anthers are 
slightly syngenesious, ‘lhe same mechanism is recognised in @ more 
perfect condition in /obelia where the stamens are quite syngenesious 
(cf. Compositae). Lodvelic is frequently placed in a separate order, 
Lobeliaceze, on account of its irregular bilabiate flowers and syngene- 
sious stamens; but this is scarcely justified as it is connected with the 
typical forms by Jasione and other genera and agrees with them in 
nearly all other important characters. 


§ 35. Caprifoliacee, 







acters :—I*lowers gamopetalous, epr- 
gynous, regular or; @gisionally, zygomorphie, usually 5-merous, 
and hermaphrodite-¥ stamens. usually 5, epipetatous ; gynaeceum 
of 2-5 carpels, syncarpous ; ovary multilocular ; ovules pendulous 
or suspended ; frurt baccate or drupaceous. 


Distinguishing 


This is a small order of shrubs or, rarely, herbs, chiefly 
found in temperate regions. Common British plants are 
the Woodbine or Honeysuckle (Lonicera Periclymenum and 
other species), the Elder (Sambucus nigra), the Wayfaring 
Tree (Viburnum lantana), and the Guelder-rose (Viburnum 
Opulus). The leaves are opposite and decussate, usually 
simple and exstipulate; they are compound pinnate and 
stipulate in the Elder. Some species of Lonicera (L. Pert- 
elymenum, L, Caprifolium) are twiners. In ZL. Caprifolium 
the leaves are connate (p. 112). 

The inflorescence is cymose, frequently a corymbose 
eyme (c.g. Elder, where the branching is multiparous), or 
a cymose head (¢.g. Guelder-rose and Honeysuckle). ‘The 
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flowers (figs. 308, 309) are regular or occasionally zygo- 
morphic, hermaphrodite, usually 5-merous, bracteate, 
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Fig. 308,—Loneitupinat, SecTIoN oF FLoweER or HoNeysvckur., 


epigynous. Calyx gamosepalous, usually 5-fid or -toothed, 
superior. Corolla regular or zygomorphic, usually of 5 
petals, gamopetalous, tubular, infundibuliform, campanu- 
late, or rotate, sometimes more or less bilabiate (e.g. 
Lonicera Caprifolium) ; aestivation 

B usually imbricate. . Andrecium 

usually of 5 free epipetalous 
stamens. Gyneceum of 2-5 car- 
pels, syncarpous; ovary inferior, 
multilocular; ovales anatropous, 
I—o in each loculus, usually 
pendulous or suspended; some- 
times one or more of the loculi 
and ovules are abortive; styl 
single, 3-5 cleft or absent; stigma 
capitate. Fruita berry, or a drupe 
with 1-5 cavities and a cartilagi- 
or Lonicera, nous endocarp. Seed albuminous. 


as 
Floral formula —K,,, Cs) A, Ge “Gy: 





In Lonicera the inflorescence consists of small dichasia in which the 
middle flower is suppressed. There is a floshy honey disc (fig. 308) 
at the base of the corolla tube, which is much longer here than in the 
other genera. The flowers of L. Caprifolium are protandrous and 
adapted to pollination by night-moths, though visited for pollen by 
other insects. Those of the other species have shorter tubes and are 


APPENDIX. 437 


often visited by bees. The gynaceum consists of 2 or 3 carpels, and 
the fruit is a berry. 

In Viburnum the ovary is trilocular with 3 pendulous ovules, but 
only one loculus with its ovule develops. The fruit is drupaccous, 
with one seed enclosed in a cartilaginous endocarp (it is often called a 
berry). In V. Opulus (Guelder-rose) the outer flowers of the in- 
florescence are neuter and have large corollas, This is the condition 
of all the flowers in the cultivated form. The flowers secrete honey, 
freely exposed. 

In Sambucus the ovary has 3-5 loculi and the fruit is drupaceous 
(see p. 212). It is visited for pollen by various insects, but is often 
self-pollinated. 

In Linnea borealis, a small plant occasionally found in woods in 
hilly districts, the andreecium consists of four stamens, and is 
didynamous, the posterior stamen being suppressed. 

Symphoricarpus racemosus, the Snowberry, common in shrubberies, 
has a 4-5 celled ovary and a white berry. It is pollinated by wasps. 

In Adoxa moschutellina, the Moschatel, a small graceful plant found 
in damp woods, the flowering shoot springs laterally from a rhizome 
with terminal growing point. It has a few radical leaves and a pair 
of compound leaves below the inflorescence which is cymose and 
consists of a cluster of 5 small greenish flowers. The terminal flowcr 
is tetramerous, the lateral ones pentamerous. ‘he calyx is wanting, 
but in place of it there is an involucre of three leaves representing 
bract and bracteoles. The 4 or 5 stamens are branched so that there 
are really 8 or 10 stamens bearing half anthers. ‘The fruit is 3-5 
celled, and is drupaceous. The flowers sccrete honey and have a 
musky smell. They are pollinated by flies. Adoza is now usually 
placed in a separate order by itself (Adoxacez). 


MONOCOTYLEDONS. 


§ 36. Amaryllidacee. 


Distinguishing characters :—DPerianth petaloid; flowers 
epigynous ; 6 stamens ; inferior, trilocular ovary. 


The plants of this order mostly perennate by means of 
bulbs. <A few have rhizomes, e.g. Agave. They are found 
chiefly in hot, sunny, dry regions of the globe, their bulbs 
enabling them to tide over the dry, rainless season. They 
resemble Liliacesze in most of their characters, but are 
readily distinguished by the inferior ovary. The only 
native British plants are the Snowdrop (Galanthus nivalis), 
the Snowflake (Zeucojum aestivum), and two species of 
Narcissus (including WN. Pseudonaretssus, the Daffodil). 
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Amongst the cultivated forms are numerous species and 
varieties of Narcissus, Amaryllis, and Crinum. Narcissus 
Jonquilla is the Jonquil. Agave Americana is the American 
Aloe or Century Plant*; it is a xerophyte with rhizome and 
massive rosettes of spiny leaves; after a storage period 
often of many years duration it produces a huge in- 
florescence and then dies down. , 

The flowers are produced on scapes, and are either soli- 
tary (Snowdrop, Daffodil), or two or more together in cymose 
inflorescences which are frequently umbellate (p. 190). 
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Fig. 310.—FLower or Darropii. IN VERTICAL SEoTION, 


A spathe is present (fig. 310). The flowers are hermaphro- 
dite, epigynous, usually regular and actinomorphic 
occasionally zygomorphic. The perianth is superior and 
petaloid. It consists of six segments in two seriet (calyx 
and corolla), and may be polyphyllous (Snowdrop and 
Snowflake), or gamophyllous (Narcissus), In Narcissus 
(fig. 310) a cup-shaped or tubular corona is present (see 


* The true aloes are liliaceous plants (see p- 239), 
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p. 170). Stamens 6, cither epiphyllous (Narcissus) or 
epigynous (Snowdrop); anthers introrse or rarely extrorse. 
Gyneceum tricarpellary, syncarpous; ovary trilocular, 
inferior; ovules «, anatropous; placentation axile; style 
single; st¢gma simple or trilobed. Fruit a loculicidal 
capsule, occasionally a berry (Agave). Seed albuminous. 


The Snowdrop produces only two foliage leaves and a lower sheath- 
ing leaf cach year. The swollen bases of the foliage leaves form the 
fleshy scales of the new bulb. The flowering axis arises in the axil of 
the upper foliage leaf. The primary axis is monopodial, and continues 
to grow from year to year. A new bulb may arise as a bud in the axil 
of the sheathing leaf, sometimes also in the axil of the lower foliage 
leaf. The inner segments of the perianth (petals) differ from the outer 
(sepals). They are smaller and slightly cleft. Mach has a groen 
honey-scereting groove on its inner face. The anthers have pointed 
processes and closely surround the style. They dehisce by apical 
slits. A bee on entering the pendulous flower first touches the stigma 
and may cffcct cross-pollination ; then it moves the anthers and gets 
dusted with pollen. If, however, cross-pollination is not effected 
self-pollination may take place. The anthers scparatc from cach othor 
and the pollen falls on the stigma, which, as the flowers are pendulous, 
lies below the anthors. ‘ 

The Snowflake resembles the Snowdrop, but the leaves are more 
numerous, there are several flowers, and the inner and outer perianth 
sogments arc similar to each other. 

In Narcissus honey is secreted by the base of the perianth-tube. 


§ 37. Iridacee. 


Distinguishing characters :—Perianth petaloid ; flowers epi- 
gynous ; 3 stamens; inferior trilocular ovary. 


The Iridacexw are largely represented in dry sunny 
countries (South Africa, etc.). Familiar plants are the 
Crocus, Iris or Flag, Gladiolus and Freesia. /rts pseudacorus, 
the Yellow Flag, Crocus nudiflorous, the Autumnal Crocus,* 
and Gladiolus communis are found in Britain, the last two 
probably naturalized. Most of them perennate by means 
of corms (Crocus, p. 70, fig. 44), or sympodial rhizomes 
(many species of /ris). The leaves are often equitant and 
isobilateral (fig. 85), e.g. Lrvs. 


* Distinguish from Colchicum autumnale, the Meadow Saffron, 
which is also called the Autumn Crocus, sce p. 238. In appearance the 
plants are very similar, 
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Fig. 311.—Vurrican Secrion or Frower and FLonan Dracram or Crocus. 


The _ inflorescences 
are usually small cymes 
variously — arranged. 
Thus in the Iris the 
flowering axis ends in 
a flower (which opens 
first), and has small 
lateral cymes each in- 
vested by a spathe. In 
Gladiolus and Freesta 
the lateral cymes are 
reduced to single 
flowers, each with a 
spathe (bract), so that 
the inflorescence is like 
a spike. In some 
specios of Crocus the 
flowering axis ends in 
several flowers (cyme) ; 
but in the common 
species it is one-flow- 
ered (cf. Amaryllida- 
cee). The flowers are 
hermaphrodite, regular 
(Iris and Crocus), or 
zygomorphic ( Gladiolus, 
Lveesia), epigynous. 
Perianth of six seg- 
ments in two series, 
gamophyllous, petaloid, 
superior, Androecium 
of three epiphyllous 
stamens; they repre- 
sent the outer whorl, 
the inner whorl being 
suppressed, and are 


-gituated between the 


carpels and the outer 
perianth segments. The 
anthers are extrose and 
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Fig. 312.—Vunrrican Secrion OF FLowen or 
Eris. (Avrer Cuvrcu.) 


On the left are shown an outer perianth segment, 
a petaloid style entire, and an inner posterior 
perianth segment cut in half. On the right 
an outer anterior perianth segment and a 
style are cut in half showing a stamen lying 
between them; at the back is a lateral inner 
perianth «ment (petal) s = stigmi; bract 
and bracteoles ure also shown. 
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lie on the outer side of the styles. Gyneceum tri- 
carpellary, syncarpous; ovary inferior, trilocular, with 
«x anatropous ovules; placentation axile. The styles are 
united below, but free above, and sometimes expand 
into three large petaloid lobes (Jris). Fruit a loculicidal 
capsule. Seed albuminous. 


Floral formula PEs Ane Gi. 


In the Crocus (fig. 311), honcy is secreted by a nectary on top of the 

ovary (which is at first underground), and rises to the mouth of the 
long slender perianth tube. The flowers are protandrous, and 
_are pollinated by bees or butterflies, which touch the stigmas before 
the anthers. Failing cross pollination, self-pollination may occur. In 
the Iris (see fig. 312), the anthers and pollen are protected by the 
petaloid styles. The stigmas arc three thin membranes developed on 
the outer surfaces of the styles just above the anthers. Honey is 
secreted by the tissue of the basal portion of the perianth tube. A bee 
on entering the flower first pushes against the upper surface of the 
stigma which alone is receptive and then brushes the extrorse anthers. 
It is guided in many species by broad bands of hairs (known as the 
‘heard ’’) developed on the perianth segments. 


44.3 


IND EX. 


(Generic names wre given in italics.) 


PB SCISS layer 2 :.ate eee eee 128 
Absorbed solutions, Cours¢ of be 
WAP APO. coecccs: -3s Mh he 


BAO dae Str ip ttesosseseas BOiTOe 227, m8 
MCCOSSOLY DOGS, i. s000.dssecresdeeureezens 63 
RCE: Cura ration oon raw dec vencae nc AMC 206 
Achenial {rnits es e.scseeee ok 205, 206 
Achlamydcous ............ in OER 
MNT IIE GA MIDNE et etd sie s's ata atianes siceemdee 
Acropctal succession 
Actinomorphice .............. 208 
INOVCHC SOWELS |, cscesscssecsnecsssstetone : 162 
Adaptation ...... 5, 66, 96, 124, 156, 307, 
342, 364 
oa to aerial conditions 308, 350 
Adaptive characters. ............0.060 307 
Adelphous condition ........ ee 172 
PRI CMIOIE ccrlas vaspincnovedateansvec oe nern ete 182 
PEA TIADE eh crasatiincck ciirstotrencinnn at 174, 411, ie 
BEE IDET here ack tircsaa canes eee 
Adventitious DUGS.. «,;.....0ve0sccesss "3 
= LOOUS. Airset de Jee os 107 
RAMS ISIE: cn aise Picvetareetepuhdasecewusser 

/stivation .. 

EEAD ST TIS A a CES or ” 230 
Affinities of Fungi .......-....--.:0008. 349 
Agamogenetic reproduction ......... 15 
RAI ROE ONS sucra,)y as doin de POE TMS 4, 368 

ia , Development of ......... 371 
POMOC pacapanigs od scares vs sivene ae 437, 438 
Aggregate [ruits............. ee 205, 214 
EG IGA ACLS cata i ise tre-scacsse eee 343 

Pa COV IOTS vende esstes ar o.obesit reese 
ae TT 59 
IATDUMINOUS SECO .........06 Goeaee 59, 201 
BBLUMADTIULITI « overs -conathorevonerercene eer teas 87 
PALO LCTUIULE welray scien ses -naeedaaadinmenens 230 
Aleoholic fermentation ...... .. 358, 566 
DONA ey, ars aise eet asnnencns 221, 392, 394 
Aleurone SYAins 0.0.0.0... eee 35, 145 

oe NAV ONS <ovewecserevvnen encore am 0 
RE ak ee sidtasas toed sabes Toanoiiah's ees 4, 330 
,, and higher plants ....,.......... 547 
BP Gametophyte...ac.ctecestee 330 
PAIS. cssenccnrversercearessieaewe 31, 146 | 
PATI OPAANY: caris. cos consis suse saad, ee 193 
LULISTITTGS a8 UPS pete Saleen oe epertncetasee 212, 229 


Alnus (see AIMEY) ...ee ce eeceetee seen ee 392 














PAGE 
ALOE Mans tes Cen anise see MO 239, 438 
ALOPCEUPUS | oo. eres 243 
Alpine Planta 4.0.00. "187, ‘420, 424 
PRIIMON CSO Ue nametmastiiaverd aecuaeeaves 225 
Alternation of generations 265, 304 


», parts .. et Baltes ae 





DAG eo votes esses sh icsvcen eee MD 
AmaryiGacew 0... iscccssesseusee. 221, 437 
Amaryllis 438 
FAI CTH COLE: ccsev uM teens amivwn. 221, 399 
Aimentifera 
Ainentum 
ANGER He etna Moe. eee 
AIMPAIGHECIUMN, ce es- vor sama meeonen 318, 327 
A pee Ee a Aaracetrt nua see ee 29 
FATA DOLMBIN ora sn ctescxscenmninssvscave 13, 14 
EVA OLOWIC paariidercposasesrescaeneee torte 372 
PNDINI OR W siicaaaicn cin woe zoey ites remeras ae 15, oi 
Anatomy ......... SealebsisteracwtdsheeN ee meee eae 
A DALHOUM Wecuissesce steers 158, 171 
= , Deseriptive terms .., 172 
LAM GENOMIC cael e retinas eas nan enaeeine 426 
INMOLODMOTO ses. asiemseceume eee 164, 225 
ANEMONE vir s0saceiscnvecs 69, 161, 222, 224 
ANCMODNNOUS 6.002. c5iscree- ee 194, 195 
Angiospermand Gymnosperm 289, 388 
AD PIOSPOLINS!.c.s5 cesses cenetaaets atte 4, 219 
9 , Classification of...... 218 
Fe , Embryo of ...55, 199, 202, 
203 
‘ , Fvolation in ......... 388 
3 . Fruit of.......,.... 201, 2035 
, Gametophyte of...... 302 
ALON sccresen sates 109 
Py Life-history of ..,.., 192 
, Reproduction of ... 192 
« ASOOt OF. 1, «eterna 95 
P ; Seed of 55, 201, 205, 304 
y ; Sporangiaand spores 
ie , Sporophyte of......... 299 
MUS COM Ol cree vaste 61 
Angle ‘ol diver RONICO. Santee teeneere 114 
Animal and Plant............ 11, 12,13, 14 
PA TATIUIO LI O'S Heenanes pecean odessa ns 86, 150 
PATA ow clan ves eet. eee 66, ve 
Annular thickening.........2...0...506 
PAMTIWUAIS nea e.. ote et eeean eee esse 257, 308 























4.4.4 INDFX. 
PAGE PAGE 
A HEORION we Gress os neeeOen vee Rear ere 160 Sem Root Of ices tere 248, 249 
ANENGH cin. 08s, cosresh che reteset es Poe 171 ASSITAMATION | .>.scndalececsssap-eahes 11, 12 
TIOUGS <p eceuats. tes wtewsares 171, 300 | Assimilatory tissue ............... 314, 323 
Antheridial ai side anus texvedh> os IIe 292 | Asymmetrical...........--..-cssrecesee 164 
Anutheridiophore ...... 7 O12, CLO |) ZUEVODIOR -snaateserercoms Daa . 403 
Antheridium 261, 277, 315, 320, 323, DAS WAPI, cnc sncsstae Peete neem . 430 
SS Development of '262, 316, AGRO VIE on cikcecsoueeasew sis suerpeseenkies 430 
324 ADCORRING ss eanzaecandausao-nerutyeeeenee 193 
Anthophore,;s.0-ceesceccedendedetre cave 164 | Anmbumin wood Clip accjcceoncn-en0r sects 86 
ANEROLANERUI ove cc-cecnserreceverseves DAB. Ha DBI "Gs cacshencteee eee ere 243, 244 
Antipetalous ... oe icercccerneenresees TOS? Te A WIL saa ccsceansut potas sye eset eenages 243, 413 
Antipodal cells ...........::+10- 1802502 sie As of leat eros... 0. ..2c..ccaasesee anes 
ANEURIN Bie she carnecvetsote ee 2351s) GAZALC . 2%, 3s. eeretea mene 424, 425 
WAT OLDIED Fe sargavando case teneeeeaswextuncaey 220), |) MAST POSPOLO .: chance deans edunanch ews 
a Neolioiwopan Pesca atest 153 | 
Apical cell .............0 254, 322, 323, 344 
» meristem 40, 78, 92, 98, 254, = ACCATE fruits 
Bacillus ............ 
CAD UUM <p cceataassoaes Chee xs SURO 230 Bacillus suBbewlts .....deredisoacsectons 
AplanOgametes ...c.8secs..a-ssceee.-0--s Ooo ABRCTALIA. .ccccsetenennctercqaanaqeeste 
PADOCAT POUS oso ercey.acancerrooe sant ss teetee 176 | Bacterium-cell, Structure of ...... 373 
PA PORUINY.. 7 su senonds ss colectan tars 267,364 i» Bacteroida | Aa..222). eee ors 
Apophysi Of FUNarta oiecccccsecse- B25 jl HBA 3 cdeccenss maces bined astsee eee 232 
Pe RE seiconcoe: 289 3 BISAIN cacy case acne eee = Fite nels ewe 414 
Ap osp pory CE Tera see eee Cee SBT | TBAWBOO © 25 ane. cence snc nesses tener eeaenaaee 242 
AP bairophe ikethaSoahsadsdcattagesteetes 155:2\) Banana. ..2 208. .2e2 Se eee 47, 213 
Appendages (see Outgrowths)..,.,... 8 ty Baneberry: (..26 L808. 4h eee 224 
IAPDIOR coazsnestiaacosuares: Meats ered le NGATVVANY . gnciasssesccococasn aoe siasenteaae 402 
ZA DPOSIGION on. con anmeteoxicnn.se sean eenieaeds 26°)" SBarberrysccncieceuk toe an cee 124, 155 
PA DEICOE vos aszgunsaccucees, cou eee B20) BRE o vcacneseencss-eweenre 88, 106, 283 
PATI URL EGE .sanso sac oen bcuseae 222, 223 - Barley 207, 244 
PAT ACEI 555. porninsapicegei ted nex sues sone 221 | Basal ae ee eee ee » 326 
APOULUS i csxnnssccaapngonaitr ouee> eee 426 || (BasidtOspore ...2.....0.0:-3-<rsennsheae 364 
Archegoniophore .........-06...06. ByolS: |) ABASIC oo cae oso ee 364 
Archegonium 261, 276, 295, 316, 320, $24, ji, SBasifxed  ccccscconnc.v teeta cee eee 174 
= , Dev elopment of 262, = 
Archesporium..,. 258, 269, at, — 3a, 
301 8, 321 
ATCHICANp: mcereteaeh. crea ae 
Arctostaphylos...... ions ce eens ri 
INT es aeerdel Seba OMRON ap 238, 409 
oo of leaves (see Pi Phyllo- 
xis ta. 
Sa rtillery Plant ten. oss. ce 401 | Betula (see Birch) «0.00.00... 392 
AP COCAT DUS... MaMa ceonennaee 402 ROG WIACEAD.... coc aciiiecne) ban cuneteeeeeee 221, 399 
SAP UNE Ms. ees 187, 195, 221 Bi-collateral bundles ..........cccccee 83 
IASCOCAID: seca: Ree $57, 363: 1 WBienntals |. cccacsnn: aasse cress cottheeee 
Ascogenous branches,.................. 356 | Bifacial leaf ............... 10, 51, 126, as 
NSCOROMINIM Ea Ne, coca kee 356 | Bilateral symmetry .......0......:0008 
INSCOMY.CRUES: |, cook eens ee 358, 363 Bindweed 
PASCOSPOVOS.. tc... ete. 356, 362,566 2) UBIPGIN.....s....0e ree 
ASCUSiNER SuiBRnoaCL aa: 356, 362, 366 1] WASISOX MAN IG oe ccadoccescsccncaenacseucee 
Asexual) zero ae 15, 266, 331,335, | Bittersweet 
9, 361, 355, 363, 374 ° Blackberry 
EAS ssienc ists econ Be aa 58, 207, 426, 427 | Blaeberry 
Ash-constituents ............ccccccccecee | Blue- wire cegane nde tR ERE SPO de ee 
PASIIUTAOUS \.hcvss sitet Boraginacese ......0.)s.:cancerenease 220, 428 
ENS DED Bb sen tsonmsaccuicmnesnet BONY Os 00. 5 vassisawssunedee saeco tere 427 
nein (see Fern) . | Bordered pits.«, ccceccvscdoe scoot 
te 7 Leal obs Anan: BOtOMY ~.. cccccosadscceuccse cane ae 1 
a , Rhizome of : 


Bracken (see Pteris), 






















INDEX. 445 
PAGE PAGE 
SRG orcas seas siu BCE 110, 160 Carpinus (see Iiornbeam) ......... 392 
BBC ean tees tec dal een 283) |) (CarpOphOre.\isssiess ceseese: a 210, 412 
Rectal 5... 55 temmlrice 161 NDA gas oe See coe ea a Ae 2350 
Branches, Development of ......... 93 ORT O TE nonce tence a 230 
Branching CEERI CLONE: Me 5 55) tc RRR 204 
PEPPER SECC. can cosm thane. Sets EET 226 Caryophyllacem ..............00. 220, 224 
VAIL Tis. MOOT ee RE ee APY ODISIS Maree testee sce tise cece ee 207, 244 
Bread-fruit Castanea (see Chestnut) ..........., 3 
Brome-grass Castor-oil seed. oo... 35, 2 
PURER eo 6a coca eT 7 
PERTAIN eee co tes ocak exer ee 
Bryophyta 
Buckwheat . neh ccee ten aer ea 
Buds ...... Geatiower Fe Oe LOST eo 226 
Bulb Sy) Ganline bundles alice. nyt 83, 93 
Bulbil ADEA TS er decnck seen eceecesecmcacs Merete 
Bundle-sheath | ee ee eines 47, 68, 222, 223 
SPATS et tres cams ccaoga ees me WOlOrVie titers ciet a iah sete ee 
Butcher’s Broom 200... cece 538 PCCM DRG orate eccc eve unsccner 5, 11, 17, 19 
atrercup ........- fees, 158, 222, 223 1 aes spouterile Hees... 28, 33 
Pee UN ISION ras, cqtheccrease sisath tear 36 
AIS RGA Ce Bore ace st aare ss cnpaves ee CCON |  MeLOLINA LION A eens Mer ee etine 36 
Coesalpines c....)..¢. See 228 | ,, EAUS LOIRE eR ire aieeceieccate ee 31 
MRIOC ONL ITIE oe coi veh auokna 2: er Ne Mie “SID tire ss apesses sem tet 28, 33, 133 
Calcium carbonate .......0......005 UP MEER AVE crsars noua pacactrons tare anere: Mee AVL 
a PRE, eae canc a. ccteeeee 27, 143 eras p eA LOLALION OL Miers. 26 
MTEL ECU EEN ian se he oncn Sirsa 5 424 ee ATONE ITIOL Ie padanek tacone 22 
MORNE ae tenn eteoeseaciutsvcoe epee 45 | Sf AP DHICKONINE OL nese vcaescnet 23 
PETE CTE Grenier som ua ne ecn ate cs So 224 Cells, Changes i in contents of . 28 
RTE VT MOU iro as 2212-08 paconses ho eeaes 220 eROLINSOF co eetee tite A 23 
TELA 1S NO tl ie seer ea 8 318, 326 } Cellular Plats ace coerce ee 
BEN V SNOT EN pi tax cncestnmeinsdnes. Mts 100 | structure 
BONE ees oreo esr 158,161 | Colitlose .........c0-0ece00. 
EMT oe ics SE 165 | Censer mechanism . 
», » Descriptive terms ............ 167) 7 \Central CYMDOGCE 2 iiicsccecceteeseene es 
E MECCIONS.OF eens - peal6o Centric léabisiit mete ee 
Gambial cella ....c0:<c.c---s0s..seces.o0e0s MS Verb ead ca ot vcanen en oMitio tdeenees 
Pp Division Of f.iii08:. 7 84 | COTTA CURLY. Jiteas conse teteenritces eee tee 
Oambiform cell$ ........-cccc , 91 | Centrosome............ A 
ROP oc caaesinrawos 40, 76, 83, 86, 103 | Centrosphere: .iccooveressoseunas 19, 21, 37 
yy BUI Sades eo sce xyes vere t teers | “Century Plant’’......00- see 438 
EDULE a taraies tease cm omogtth 433, 435 Hh BAD ILS 2a ae vo tn wee eucccccncenm eds stone 180 
Campanulacez...,........ 47, 197, 221, 433 | Chalazogams ............:cen ees 199, 399 
ME ATL UN ede deeairy <autncvaws civ) apacvsnnaeeres 225 Chalk-g ATLAS vse onavnond ee tone thtree ee 52 
Pabeabinaoces PASE Oe sno 402 haleauthis saves) ccas SORT Serer 226 
Cannabis... seuibscede suaeeeneete AOS Chelidonium hs gett eat tts saan 47 
Canterbury ec ot ee ASS | PR OHOUMOUAK IS. oncticcsrcstrene tient 198, 263 
MENTION Laces sacakeemcec yur evexor vi o> Meee 301 | Chenopodiacem ices 221, 403 
PCapitiwlamny ie... .scceeseessdeeees es 187, 236 | CheEnOpOdswitt....cscsessesecee vivsvsctnees 403 
Man SOlACeR...5..0250+6.00sl. cess BOVEAR On HOTLY ~ccimeaptiasnccrucesesvsnesontters 212, 229 
CODSCU A. i ccrnaaseas ORT tee PAGE ORV IN ccc creesaanesoestvesvewt ee Pte 
Capsular {rite ..../.-...cceveesose QOGNCOT) MOTOS UTI Ae. cmacsnetsmuceya voles 201, 392, aS 
Ereeale of sporogonium... 318, 321, 325 PRELOLEO WIR, voi) 
MUR RULES geeeirey se vccineacisvoonccuacer eerteres 209 | Chickweed ...... - 596 
PERMA A Viste cin case ee.hencinwaae 2107250 | Chicory. .-...- we 299 
Carbohydrates... 195137) Chlorophyeem: .ccccasscacesdoenteene 330 
Carbon-assimilation ......... 12, 137, 145 | Chlorophyll ..........ecccec ce 5, 29, 139 
, Conditions of oH | Py -bands i Ea et tenes = 
SPEUE Sco ene cccveos hh 211, 232, 53 -COTPUSCLES -..... sec ceee 
ation Fo ccoanae MARCI tee 225 | Function of ...... 12, 141 
Carnivorous Plants............... 125, 151 Chloroplasts pi igicadus (eiapausceacte eo 
BIRR DOVgoc, acco sudies pyxdastan ke 158, 289 - , Functions of ...... 30, 34 




















4.46 INDEX. 
PAGE | PAGE 

Chlorotie condition +...../5055, 0008-2. 141 Contractile vacuole ..........0..0.--0-+- 336 
OHOnigIs 40st: occa cree eee 182, 406 | ComeiGlaria ie. 2cccnceceteeee 239 
GHPristiwnns Ose \s...c5..iccsccdeennennceee’ = et sssiguccbarstici eee 220 
Chromatin network. ..0:....0.eeeen |) Corker... oats Seared 43, 88, 94 
Chromatophores ...... 30, 332, 334, Ae Bs i smaeaa UE ha ch sseigo TR 88, 105 
Qhromoplast 77.0..c..ue es », ‘formation in Icaf .............+. 126 
Chromosome . 138 37 ;, -formation in wounds..,......... 94 
ChrySOsplentuin .. corcscsesseeeeee 418, 420 Be -lsyer of leaf \isciccescahetets 128 
CRORGTAUIA o icwinccsooszeaxect tee. eer ee Bt |! QeaRR Sees. 0teneeseneeeusraane cee 70, 238 
Cilia eee. Rie eck Sas ee 39, 263 GOrmophyte *y..ccisistesasccesansscs eee 7 
RECED re, hii sts sing caveats ABI? We COPHCDCK Ox ccc es as eenens tease ae 225 
QOIPCIMABE WEE oo ansoic ssteer tes sadevatoec Bee DGGE ip. (OAPOMR, «7-00; schas sateen 158, 161 
Circulation of protoplasm ............ 148 », » Descriptive terms .......-. 168 
Cladod er ait cee 2, 74 fe ’ Functions Gl. See 168 
Cladophyll .. Py er Origih OL (sents 310, 389, 391 
Cladoptosis .. Corona oo... esse, 170, 429, a 
CIRSSI ee Rolin ae ees ee Corpusculuane .......2:0:<.-eeenee 
Classification Cortex 2a. 54, 6-8 2 
Claviceps Carylacero: .:_..;.).:. eee 221, 399 

, Gametophyte of ......... 33 Corylus (see Hazel) 0.2.0... 392 
Cleistocarp sen cea ateatamudp acta eee 363 OPIN. sassuse Fea eee eee 186 
Cleistogamous flowers 197, 407,409, 414 |. Costa ......0..ccccccccsscesesccesssrsecceeecens 230 
HER UIGT, Ho ee 67, 161, 222, 224 Cotton plant. ss::..:..5. eee 409 
Chimbine plants. rsese.cecenee meee 66 Cotyledon § fis 417 
Clin Osta tee.) enone ee 154 | Cotyledons 55, 57,110, 202, 264, 296, 298 
Closed! bundles %s.caiiivee tears. ens 2: |) Cover-stale).t: cic ances ee 289 
COV OST crecthi- co Pine eee ee ZAI COM GOVE Scape wecenmna yee eee 426 
COCCI ec tinean.t sce eoneetre ete QU FALS 415) | CO wSIlp ta.c.ccmcctastevecsts cee an 231 
Coceus (micrococeus)............660.., OTAF | COW- WCAG 2 Ses os.belaenses ca. nteee anaes 233 
COCO UU aisccoonn pened tee aeeeeet 212) | Gin Derny yas cdren ce tree eee 424, 426 
Cmnoey tor ccc eee 6.330 |) Grassulacess cisco 220, = 
Coenocytic structure 339, 43, 356, OOD” it CHALE GUS ® in. .ccontscesyse cose eases 
CONGSIOM PR ile iatienccvees ee 182 Creeping Stem ) Stee eee “70 
COMOT Ee. soars ac uchiass SRG eR ae 219 GRemocany’..,.ccceoe see 210, 230 
COLCR UCU ee ones ae 70, 238 Cres) eee 
Collateral bundles 20. oo... A Crinusr 
Collenchyma, ...,..0. 60 ee Crocus 
Colouring matters ............ 30, 33, 146 Cross-fertilization 1 
Coltis foots vs a. 2 Ree Sen pollination: «elena 193, 194 
COMPING |. cscsc.derascs ee 222, 223 Cote Si ise eee 
COlu UIE cannaatcce on Ree ee eo! |. Cirnederd: <2. .cnee eee 220, 226 
Gomlrey rn torn eee ae 428 OryprOrant oo) .055'2.. eee + 
OOM s. ikancetiinli ee 374 | Culm (= Haulin) ).s.: ae 62 
Common bundles ....,......-...0..008 va OD. Ih GuIBUUO Nucci eee eee 207, Be 
Companion cells _.........:+sst hee 6, 91 e of Marchantia 
Compositix ... 47, 161, 197, 221, 334 391 Cirpultcra = Meer ae 221, 392, 334 
Composite Eraits snsccs. cee 06, eto: | Gurrant 3°. 5.0, eee eee 
Compound TEAL casero 116, 120 CHLIGler. cessor eer ee 3 a 
Concentric bundles ...........0.0....008 Cuticular absorption theory ......... 137 
Conecnucle: & eee ae 343, 345 Cuticularization | ...0) eee 26 
CONG cae ee eee 288, 293 | Cuticularized tissue .............cc. 43 
Conidiophore ................. 9D} :500:568 |) Cubingt es). cre es eee ie 
Conidium ......... 350, 351, 555, 360, 370 | Cyanophyceze 
CONOR a cesarean ee ee Cyanophyl!l 
Conjoint bundles ..... 0... @yathimin 2. eee 
Conjugation ............... 37, 39, 333, 3st Cycat 

-tube Cyclamen 

Conjunctive eroana: tissue Cyclic flowers 
Connective oo... Cyines, Torms of........,... 187, 189, 190 
Conopodium ae Cymose branching ...... 11, 64, 95, 185 
CONTACH Te weccuusctent uct) See 155 » _ inflorescence........4.. 185, 188 
Continuity of protoplasm ... ....,.., Ufa te Gantsimhodd ume st eae cee ” 214 























INDEX. 44,7 
PAGE 
Cynogl US RATE men atic nna thoes as ao 428 | Dog’s Mercury 
PROG TUBE ccs cccs acrcrsset heotehka xe 241 Dormant buds 
VSG ia nee eta et 200 | Worsifixed .... 00... 
CELOLUN een ie oe te. AL, AOORNOS (OPSIVENEIAL  cccens cesses cccécooelss coke 
LISS CR ee eg oe ec ees Donble Fertilization 
Ccroplasmwies on.-..... oh el Double Samara 
OULU RMGL Tee ese Ate wee. 8 CLEP RACORG CAR rocc nc occoce oc ececs 93, 238 
PROELWENDIANCS “once cocescctenens 140 
Drupaceons fruits ............0 205, 212 
fet OE Li cnauaceeCatwastecnstrencs 437 DEW Ome et ON When sccscecowe cvs cocoa 212 
RRS er ctcekcc ce he ae 188 PIUNICHIOM. en cece ieecdecnncc 405, 406 
ES Fa epins-olt Se saree ee 350 EADNON aac neneehaencuescurs evacuees 
iD Tad GIRS le la, Gee aaa nee 47, 66, 235 Dwarl-Shoots,ccccserc-cosnscseuwe ante 66, 282 
EU eR ee nn ors ohne ncaa oes 213 
EMEP IES ES coo scecatccse seen none <4 430 
LEDS A i se el ae eat corceeecd 230 ew NE ORR Ns casas tenet 
reas TRCN Serer re cic scncacete 232 Egg-apparatus .... iz 
EGO PIORIONG “on te bans 406 | Elaborated compounds 
Terre SOOU osc noees neen aces eee 62 Hlaboration of food-material ..,... 134 
Definite branching ............ 11, 64, 185 NCCLS eae wep oe eet ets 319 
POM RTIUICHOUS a Pe POQie tl BYGIC CT eee es coco ec sven: 85, 212, 435 
Dehiscence of anther .................. 174 MABIGRCTIN ONC Sioa yt ohnctonvassees ears 
SCL ISUIOS teen oes ees <a 209 Elm ...... . 207, 221 
Delphinium SE es ET 223 Embryo (sce under Ty pes) 2, 22, 55 
teostrvatiecnicn vo pcecnc te cee ree 79, 82, 99 SSAC Aig. re ‘180, 291, 299, 301 
TAL ELE ee TN ee ee me. ov scteenens 418 Embr. OIREL COL sar ences 199, 200, 296 
PrecelapMOib sos. Fc. Pte 2 | 5 SNNSS ON nee acs 200, ot 
DANENOLLOPISUY © 0.3 .2.,cc.cccdcceee nee 1545 | LISIMONEen CE co ee acter Nraccecescs 
TATA NERC orcl te csescd ves vap tins, ote - 241 | Kuchanter’s Nightshade ...... 422, 433 
EPISTLE USOT eee goose cos cntoie sone 4 co) NER MASUD VI Bn oe crt vay So accrrnubece ce <os< 118, 235 
BICHASIUNR <2 eivee. seers ede, ons eG) MESO OCH Or foe, ccxxcaadane: Seas. iortece 212 
WH AOUS ioc. cazeeccesy +) 16l | Endodermis 43, 54, 76, 82, 90, 92, 100, 
Oe Ue erica tet ech hone 194 | 125, 252, 287 
Dichotomous branching ......... 10, 344 | Mndogenous development ............ 106 
Diclinous.. 162 Endloplenra tt picts hace bay 57, 201 
Dicotyledon . 4, ‘87, 219, 220, 22,389" | (Endlosinosis 0. osc ce ececeeene, 132 
i. > ‘Apical menstem..,.... Big! | MANOR DORM cen ipceckvacvieas 59, 200, 297 
e SMUT OL ters wees =< P55 TIGOSPORMATIU. te ccatceeseeceske Paces 257 
ise , Exceptional structure 83 | Endothecium...........cceceee. 318, ai 
oy Pine eels oe 2 AT Se EPMO EIA. Witcdtiuvessss ces tutnopeteuters 
ff ; Root Ae Pe ccc $5, 102 Nnerg eee esas en nat ce: 12, 13, ua 
- *  Secondar ‘¥ growth 83, 103 | 1 aeomephiions ee sgeshissee sumac as 194; 195 
a Be Mere omen Freed a2 55 | Environment ... .... ......... 15, 144, 152 
* Str ucture of stem 75, 82 Hpibasal cell ... 200, 264, 277, 318, 326 
Didy TAMOUS SLAMCNS 5 ..e00.c..2 sees 173 Wp te. spcrthacts era eae 101 
Differentiation ........ te HUD ICIS S tn enc, sgt tatstone 168, 228, 409 
ed OBER Eaton ; IRINCOD) Mane etreaioa caret cvaeee ta teon i ecren 212 
i of tissue UTC OLY etn me. ae eseate eio aeatiny 57 
, Processes of PEL ICTHON) COLUM > .....s0.sc001s.socstunee 49 
Digestive BCI ees ce i tesiatea oes ei | . OULRPOWENS (c..). coone res 52 
DIE GULAUES Wi snacewsetabe sce n0:0+>+>sarereraes gg, SYBLOM oe... sereveesenens 49, 82 
MUSVOPISIA ISIN ates testoneecnascusenea, PCLPDIG oe its ccoetapece chen tee 43, 49 
UBC UE  ceconcenaocrsaes ete eeP et gchist ROZB MA PpItCAl esac ess yesi=.-e4:-sncmuan-aomanaantre 57 
ei SOL OLS epee ts denere coven PO Mp MERLEN TLV treo ss corselstt Reece ae ves 165, 390 
MTB HAGE CO aerate ret ak oti SOE EPUMELOULUML sn. stots cedccscusaracechumnute 421 
Dispersal of seeds and fruits ...... 216 EpipetaJous stamens oo... 173 
Mvsapplacerne nite), cer-220 pecsene ant vesecee LO ZPMEETONPNVTO o-25 c-cutunstsentesntececcs on 
Dissimilar members ............ SAO tok |e OIDOMIUTN | sexe. 00. -2on0s 
MP ISEPLOIVGION sos eee ee otc erences 2 eens 193, 216 | Epistrophe ........... 
BIS OL Neer net errrman se mers Nate 219 | Epithelal layer 
~ of labour “No: <6 », Of resin passage .. 48 
DGCK ee ie ee ene 36, 404 | Epithem tissue oo... 52, 128 






























448 INDEX. 
68 | ts, O d 567 
PULLS CED UR Ooi cnirinecaanan tascam ‘erments, Organized ................- 
a ese Gametophyte Ole, oo es , Unorganized ... 31, 56, 146 
= , Life-history os . 268, ngeg ' Fern ae sates a 
ngia and spores 0 » » Apical merist Navosei tera 
" » Sporang BS. 269 om om a - pan ee eh _ 
, Sporophyte of ......... 268 ~~ _/Gametophyteol <..... 0. 
Bisset stows: ascent 66 ge 5 LAREORY, (21 AI nesta 255 
Ergot ...... : 58, 359, 361 fe ANSstOry OL. ccc ceeecereeee 266 
PROCITE erase ct ai icuaeecmemmageace t Bid. cocktestaniiyaeee ee Sree eee 253 
GO OT Rae EA ERE NEE 424, 425 . * Sexual OL BOS + nc-ss-sepaaerees 261 
TEPICACEDD sanern unindeccotooioae rete 220, 424 _ pope and spores... 255, 257 
LP OULUM: Baia cence nee Sve aesee oars Me S reparep ryte.. 265 
Brythrinies asics eee a ces s CIES o.cscees a ranctoe 
Hecalionia PROPS ERE chee GEASS 418 (See also Pteris and ‘Aspidium ) 
Essential elements of food ......... 131 lertilization...40, 198, 263, 277, 295 
OPGans) cituexcee gota, 161 318, 325, 341, to 
Bteerio PRR RNR ty Sod Ot A eee awe Le re ADE eee eee 
MiGherealowly 227. cséese- asec 31, 36, 146 FYDres “s..s.<26 tanaan cai Niece Ca gecaeee ae 3 
Etiolated plants ...........c..ce0eseeeee 140 +; mom Pericycle) {0.5 ... -paeee 86 
EGiolinis.. eee cre ascerestance 140 Vibrous cone UGS co week amanda 212 
BUDROL DI 62. ..csercer eee 47, 191, 415, 416 _ VOL soo vasco peer 174, 300 
Buphorbiacer 20.0.0... 220, 414 | Fibro-vascular bundle ....., .. OBS 
DRIEST Mara, sadcceaded eee varies seme 233 Meus... ~eevesigpeteanad .. 402 
Eurotium ..... 5 SOA al) DORE EER sae so soemenestenecetenaes 215, 402 
ms , Gametophyte sre) Se 358 | F Hiatus i. cet bacdalwes 08 Sania deat otee REE 171 
os » Sporophyte of ..........., 358 PESSTO Rene sa: case coabiacean cde epee 374 
Evening Primrose Pts amermasee 422 TR eo cassaessconeasseev vetoed teniantaan 439 
Evolution in Angiosperms........... DOS Ah SB APO DE cau csmasccnad eeneveeereeee 374, 375 
Se OfsBlowerd seekers (OU Floral contrivances ................s006 194 
“ pee LUNE Uners en sseeceenes 349 so) CHIN AI | 5. Goeve uc caeoan caeeaee 
6 », higher plants . ... 07, 347 » envelopes .. 
oH ; Muscineve . Tassie, Gees » formule ., 
ie c ” sexuality 338, 346 PEN MLGUVOS!:. <i onanascaceosnaeebeeeee 
UNCOPV cote eee pecteninnts ee 196, 232, 236 
Exalbuminous seed ............ 59, 201 BUG OT Scares 280, 299, 
Exceptional dicotyledonous struce- | Flowering Plants! wooccct...ce<cckecras 
tare ee 83 and V. Cryptogams... 05 
‘1 secondary growth 93, 107 Foliage-leat Sense untonssipau caren ee oS 
ixeretions qiettsicaieesce eres , ol, 146 | mS ser mamctions of... eae 156 
HeXin@ Meets, oof sctitiete ee, ee 174 | OUIATS PAD cocacenscceet Bacaeeree tne 250 
Ole rulcus He ee ee Ae eee DIGG MROMICIONSS soc rccusthactcumepacectees eee 208 
BxGdernis: 46. scree et eee 102 Food-materials of Plants......... 11, 130 
Exogenous development........, OS. tats | SMOOws PRESlEy ein. ..cnece tee eee 230 
ExXOsniosisige teas 5, etree cae 133 MOOG Mi sccsncdse stows 264, 318, 319, 321, 325 
HxOSpOrivimbhrc. een aieeeeee Sole | Kecrotcme note thet, 0.2 cence 
External morphology ...........06.6, 1,5 Formic aldehyde ...........sc0sscssecees 137 
Extra-stelar ground: tissue OXSIOWO ore: cco Mean ere 234 
80, 82, 91, 92, a POTEET UG y.. scc vnccus rnc Beowa.t cee 
HxGvOUSeins toner inaoseer arte imgmentabion,.0 os ius ae 
Byebrighte; 2. oe ee Fraxinus (see Ash) 
Free cell-formation ... 
Free water ....., 
ee St Ce eS 221, 399 ECBO UR ERI, Foo rem eee eee 
EAODUT UU Acne eee 405 French Bean 
Fagus (see Beech) ......... 392 EERUNU cava cotceexcnan meio cere 
Palsetruitig ss. ee eee ee 205 ,, Of Gymnosperms 297 
ane tissue 348, 369 pee UMP EN US. s.caven a vcrnteon cera 297 
Fasciclonwr aera 2 ieee os: See 191 py aeMMOCHAN ISIS, Jo stress ater 217 
Fascieulay cambium ............... 76, 81 PUCH SED, CRORE IN, Sin sonccants eee 422 
Fats aes splebeneeuererssteeteaeeneenenesnens 36 ERLUS! TORE ere 4, 341 
INOS Or ert eee. an 278 _ » Embryo OLN craacctns ee 346 
Fermentation ...........scse0000 366, 372 oy we Gamoetophyte of ccc: 344 


Bot. 


INDEX. 449 
st 1 PAGE 
Fucus, Scxnal organs of .. 44 | AROUG NOLS 27. cecse ape Wvimuspaarcees SEG 
Funaria . aa 312, on Gongs sn ..-. . 605, 350, 366 
* . Capsule ae eee 321, = RSORODMOLE Er oer net taco ers 164 
»  ; Gametophyte of............ (LE RCTSISTES 072) go ee 68, 421 
= Pe Bey me a Sc ee 320 a MOSCLOO GN oe tiin tive tts rccsendivtteceet 403 
a BOLE OM arate pete ce terse sts 327 Gorse... este eu 
— , Sporogoniuin of 321, 325, 326 Gossypium See Teearetere tans senate handed 409 
no free ROLOl enc. coe 321 ieee ee ere et oe 921, 242 
e temo Sr needa TASROS eterno ciccelais oars Tea dail tease at 242 
Bungie ..:... eemadre hs OTS ES Grass-of-Parnassus .................00.- 420 
pwns Affinities of See ee hg sic 349 RETA GY potter t re. ocnciee ts Prec cota 154 
Fae EROMUUMONIOL Geet.) 8h Re poe CAD OL GUL terranes cunuasrtesscirsie cemtactore 428 
—_—- sat eae 2 et EV Vineet nn 232, 42 
es SVROETGION OF... os, an OUUASOUNC eT Mr Reece ot te: 197, 236 
Blane s-Cellulose aes 348 Ground-tissue ... 75, 80,81, 82, 90, 100 
BRITTO sod tase vena, 179 a system Se 49, 54, 82 
LOU OME eee eBoy. Sebre nme cacti ess 219: 
| GHOWINE-POIMES 2 nn. noce-.--. cee 19, 22 
G4 EAN PS aca dacs esas 437 | ey » » Properties of ...... 148 
ot Ganpetangia oy | GOWER gaan oon 11, 130, 144, 148. 
ee es | ase 40,80, 16 
OP HAVE OME Eee ae i ns sncna OUR MATIC) ROSE, on ie. 2. os csoueeasiace 436 
Gametophyte (see under Types) 330 Gy mnosperms Sector: 4, 219, 280 
E > sa and Angiosperms 28), SEX 
Ginogenctie reproduction ......... | a ape ae Cryptogams 290, 
BeAINODE TAN 5. .c-5.50.cs.ca50t 220, 391, a4 > , Flowers of 280, 288, 289 
MRO ISOS con te. wc. Es Pe PUits Ole. 297 
PeIOSCIRMOUS 2. Ocoee acreeeaspmacsos yess 166 VEC CEDIN et. ci ccs tne tases 158, 175 
Garden Nasturtium... Eek at ee 414 | Gy PUSTIATOUS. Cent heretic nee 13, a4 
eee eee Gynohasi Eee ii lanes 
meeeretive cell Pe de 197, 236 | pe eect ah Pa: Aes ee eee ea 
yenetie spirit ae REBOPUOUO vusc-deruseorvawes vesinateetay 
TAAL SO i neet eRe rane Sct Senate B27, AaVROSLEMIUIN) i i2...ce esse coneseeaers 246 
Sergi Gee: Ae Me. ee Seba 7s.«. 219, ct 
BS OLROPISTI be scccns. 2020-2 Rd vba 5 
Geraniacem .................5. 220, 412 1 he eines cas 8, 48, 52, ls 
IFO SOD a cesice tc dase snirnieyc) «degen tes Halophyte ... ..... . = 157, 403 
Germinal dise.................. waivigshaa a S20) VEY Dash eee cay esas. .. 53, 76, 81 
Ge:minuation of polkavgrant actly g : eo een ae a ee ease .. 47, 433 
a EE SECM aiietiax rcs aulm (se¢ Culm). 
2 +, spores 259, 275, 294, see eta Peace eeiiern dace Youe Is a 
328, awk weed ...... SE Aan er 
MMEKEL TYG Seem), Se dosutesveder crete en ei . . 872 | Hawthorn ...... 5 & 298 
Gerin-tube... ita, 327, 359, 402 PIAEY ACULUS Cc cs iss dec wea sscntaaaast 375 
RRR Br. eset cae eelsiiel viesaene 439 PTA OU Rr hee 250 «x2 _ 207, 221, 392, oe 
BRAS yen ateed.nounintegininnds weds GA CHORE soiFa a nk: 
isha e sheet SF PEATUal SUL CHtL MOE Rein as obderin an 
ee ee hairs De it rete cre icon ie: | oe , Be reve or ee cae crag oe 
ie STITT Ce Wheres ner tee ei eae UCONN R ec Reteee tsa E 
Beri s eee ee eee: oreo 207 | Helicoid branching .......0....0.0+. 64 
mort OE RTO ASE Le ee 403, nae | eres em Pic sasi reset door " i 
Ne Acne ns essere oe vcore POUL OP OM ery tee ie hoe oikbuace tance 
Minbe-flower baencas anatae keh? Lote Meee | FIDUOtVOpISTHe2 Ace tcmeear be, oscar 153 
Bebod oe GT ae iz ul couee. Bec at aeaneit eater on — 
MGIC TIC OO cane nraneticeeerey } @ Re Se cae: 
BRMEAUNCS Boe P oieals woo denen sedi ceanazy wee feueyclic flowers we. Ac 
lca Pa EO 220, os Fone ae BRIM oct Paces Pe 
netacer: Bet tnessncray hansen ss od ENVANE .... ee s alsietwaibte *'s “4 
BROUEVOSITA 0-2. .sneesverennoese says JAG Heptien 00 Sean iad Sco e a ae 
SPOUIGAUSIUIN ...5-2.-00-0 00000. 386,539; San | Hor GHEE arasealne stare ienrees 






























450 INDEX. 
PAGE 
PAGE 
; j i PRISED cccnreodea- peu cate 258 
pe ae site) aici esas ae ee 167 
Hermaphrodite ..........cccccccecseees er ee 179 
Heteroblastic development ......... oa T dich aa Sig seme 159, 185 
Heterogamous  <..0.0c..0. mecenssaesceace 33 nflo 2 potas etre” ad las 
ELOLETOSPOTOUS” 2... ;:2s0csscersesaceccears a ’ eee eT eae 188 
i 409 | Innate ....... oe ee 174 
Bs orn a aa 235 | Inorganic compoundsg.................+ 131 
dine ale 180 | Insect-visitation .................. 195, 389 
ae pends ie aa 57 Insertion of anther .................2.0 174 
ao starch-grain..........ce.s. 34 s floral leswes.;.cjsseeces he 
Histological differentiation ...... oy 7 foe Dosen NOSE, assverpacceeete a vA 
H ee Ghd 245 | Intercalary meristem .................. 40 
Toll: ‘berry... yt te See 212 | Intercellular spaces ............... 32, 150 
Holcblastic Bee set ss Sema pacts 296 | Interfascicular cambium ............ 
Homogamous ..... siete ae 197 | Internal morphology .................: a 
_Homologies 268, 279, 289, 290, 307, 328 Dnternode csc. <nesaeensacesen ue 
~ in Angiosperms... ae a es sonainw ep aes eee ae a 
me based on relationship ... 305 | Intra-stelar ground-tissue 80, ne be 
Bees rae aerate eee od ie een 91, cr 
Fone Pease IE creed 305 195 | Intussnsception . .. 26 
», » Concealment of. ...... 390, 391 yaa). Seta nc saswce) coasenneeea ee ene a 
SUTUONCY-UGW Gare ciacbenrcarscctanes S09) S60 TH MET GLUED oct soca se ae ee ion a 
HLOMEYSUGKION ac... ctecucs orc ees . 435 eee ee ces séainda eRe eat eae eee ee 
Hops eg cea TR tons 67, 215, - | a a nye Boel ne cake eae Pe 
Howhoand Beet ign cotaneareaeumace Saree 232 Trregwlarity  o..ecces encase ee ee 165 
Hornbcanmaes 5s eae 392, 397 | Pri Ga bal eRe o acs scsecsacnsccp cee 152 
Horse-tall eee ee eee 4, 268 lsobilateral Jeaf .................- 9, 51, 127 
Hound’s-tongue............60...... ee 428 es symmetry)... uk sd 9, : 
ELOUSO- LEG Katies cn jutcereene cor aed 68, 417 | UsogamMous .......... eee seeecceeeeeee 330 
LT UHUUTUS TS, seatons sone cence saanen . 402 | EW. DORTY.-c1.incoctencdeoiesthee coat aaa 215 
PS oct hion Se Sieien | 
LLY OV ON GEO tesaeen an gh urdeeces tere ASIONE 433, 435 
Bey Crop aN O8 catsrs eevee Beas s J SUSMINUNE iy... dessveeee ee 427 
FON one eth PONQUAL be, czs tes ceca ee 438 
eee Tnglandaces se 
Hymenial layer (hymenium) ...... 370 5 §i BE seen 2 280 
Hyoscyamus Souda Schacbacanhe cee 430 uniper ann beeeeee sete rnsereveserecces $s 
Hyphe earciaecnck en ee 348, 349 
Hypobasal cell... 199, 264, 277, 318, 326 ARYOKINESIS ............... 21. 37 
Hypocotyl . Ree tecet aeaath ap anieetes 56, 108, 277 Katabolism 
Hypodermis....., 2.2.0.6. 04,76, 82 1) Fe notppase? iid... .cscsnonousleaial 
HY DOR CRE cept Secon aoe 58 
SAY PORVOVe ect: ee ee 164, 350 : P 
Hypophysis cell’. .o...000 cere 201 ABBLLUM 7st cue 240 
ALY POpOdINIM 12...) eee 109 Labiatie ... 221, 232 
Hypsophyll......... Uses UhehRneRterae ALGO SisDey bY UIN We Fkse~+ncoscy snanececte eee 227 
EMERGE a5 sc ccna ston esay ieetor ee ee 235 
i Dady Ss Mantle .o.ic..c.ccccc eee 229 
DLO BLAST cee ee BO Mie AUAI GUO gs ice sac ss vnveuineren conc, eee 369 
TMPALIENS oo... ce . 414 SSIMINA 5 vs csecvosssstcsere scone 109 
Incision of lamina ..................... 119 Soo) es BNCISIONVOL ....css0. cc 119 
Incomplete.............., 220, 221, 390, 392 sees QUCTING OF °)... ee 117 
Indefinite branching ......... 10,695,185 Lemire ciate ee 232 
AMAIA CLOSE var) cn wineset an eeee aan DUBE kS DUT... cceouser re eee eae 223 
Indiarubber-plant .. ..... ... 27, 49, 402 ) Lateral branching. 0000000. ccs 10 
Indirect development........,... 320, 322 piles DROS chccctat ce cee 62 
SCS TN, eee ee 256 saepyROOLIOUS 7... at. .ctsuescce 106, 286 








INDEX, 451 
PAGE PAGE 
PPAR ARs 55 bee enek cnc Me een AO Nie PILIOUEG IS, forge Seeieuiel eeoeee mean: tee 422 
BUT ICE CL 2.2283 Sha2sc%- ‘7 eee tte Te SOUP Rabie SS Ch, oc 3 oe 226 
Laticiferous “‘ cells ”’ Sere Oe 1h EN WOEE oo evennihictcniawuseixtinct nents 428 
# BISSUO vere eos eer eee 46 | Lychnis 12 
Me NGSHOIS wc csscikesecumte MOG AIO! (LCE Mein dicen ciieyecuctinaeetien.. Ma 3 
PODS GR enc cnvuaagSciiiek ont. ss aecenean 232 | Lysigenous ecavibies ....0....0........ 32, 48 
AS Oe eee ssa hy G) DI LOD 
a ACA DERGION OF. .vc0cacsssesckees 124 
Pee MORO catrecssesosessxhstind 118, 128 Nie Cae ace Maa asthe ee 60, 242 
Se OCANGA EOL a... 8 ae 15) "| Male Shield Fern (see Aspi- 
PE WOUDIGION OF: <....25;. Sena 129 | dium). 
ee “Deseriptive terms... LELSIT7 19S: | Mallow Seeeeiicesivet 0 Le. 409 
Pee evelopmont Ol: GAB 200) 1) MOVE Mime ei sso cs Sseasctiet eee 409: 
ee Duration of M28" :.: Pease Mai vacosnen st free ce et cons 220, 409 
Be MSL Obra ccc ss . 128 TP AM ER ROO setSos teneciesaccen: . 430 
. > Junctions of ......... ed, le NRRGTAKE aiiatisscioay savas cise 430. 
5. 3 Lusertion of... : Peon Mangold Winvel . pee cod 
ares WRAL Ocoee eet ice eres 18 |} MarcChantiqencucscc. 3 4, 312 
eeosebuctnre Of 2.) Ale o...... 125 33 , Konbryo Sra es , 318 
PoE eO XR LIEO OL cnx cect etree tree oon 122 me 5 ; Sexual organs of ...... 312 
Be OR OTMUION OF ccc accc025-5 cxtaateece e 115 2 s Sporogoniuun OF TP 313 
MO RALOU G8! heros ain sexese Ss) i2274Ses_seee 116 , Sporophyte of ... 313, 319 
Leaf-structure, Types of .......0....., 110 Mar: sh SVE SUL Win eye ee, oh. onc Meer al 409 
ee aT TDs ccna toa carcenbteas Se 78 a PE NEATICOI tet tot crcis ees 224 
BRAM eerie sess 6. So oer ite paae uate: 2C8 >>  Samphire ... .............. 403, 404 
Leguininosm ....................... 220, 227 | Matthiola Ph Bos os AR set ee 
RP TPICE cece ec ce sannk oe ttf. onc «<< 89, 105 Meadow Rue ................- 224 
MEERUT Bae tarien tte Peete eke . 226 Pe Saftron! Steers oes 238 
HRDCEOO sco Aso e tee ce teteen  tenk  tecaeetes 235 ae SUNVEOUS ee ie nema cectevosi 229 
aOR ENERO oe gor coi =s ev teu ans 437 | Mechanical contrivances, Origin of 316 
Leucoplasts ..... siisigsict tate eet e ae s nese c-% 29 PCOS. xetctccas. cere eens hee 214 
= , Funetions of......... 29, 34 WeGUNa ©5.2 et eenant ecu eee 75, 81 
MEE ONS s ern Sty) nace tacasdazacsaiae toys 317 | Medullary rays ... 54, 76, 81, 82. 86, 87, 
DEENA a scram tics. Se eeel aeoee, 266 105, 245, 284 
I en a stee ser gtcce tensive nee sees 139,152 | Megasporangium........... 271, 290, 299 
as AS SOUNCe Of CACTRY—...25..5:... 12 1) Meeasporestsesacssencceerstees 271, 279, 290, 
MIE TUAICAGION tc caseceders\aexs0as.5.20e0v les 27 291, 299 
MELTING f resaMeagh gcse cassis eciavasereona ace ‘21 poe nocrny ll? Fens 290 
MEIRUINC Pees, x08 uc tovasaeucasesys 52, 112, 270 | Megazoospore...c.ccc co eee 335 
SE ELUUILOPUS 2 cs acacen crete titec note sbaeath ie 235 | Melampyruntt oeecccccccecce 0 eevee 2353 
MTA ELLIID ta sacosctautdsan tus eer oc ee no 426 IMGINDER aay sssinnescaderasasee 1,8 
MIE ARTES oatoerescowoxiweaaes ee 427 MENTO corondccx- Lert pecra au hire ees 
OTIC EI cis secs soever sai secivesteres 221,238 | Mercurialis occ. cece 415, 416 
RELAIS caries ine sethaia sos suas vnean coeeee eae) |) Seer Cry an win senna Cetera 404 
nly of the Vallay........0.2.-....000-s-s TSOP NCPICAN PD tena coton aracnt savas selene 210 
PDI Ge rrcseaniaters nO cia crusviraeiaatess 87,411 | Moristele......... Paekicel notin LOOMeOT 
ROUE UT Ee skein: chcech seste bios vtmonvene earns B50) lf MOristei-..s.sssssscesd ssannacesennid .. 40, 92 
PENT th siosivs PME fons en lee wadintionee 426 | Meristematic cells ........... 0.0... 19, 22 
BRUTEOL CED tte vie eee ovate os seta Sedeoes etek Ase i MELrODIAStic..cucm eerie. cee rertaents 296. 
Ee 0 esl: SOE | MCCOCRED contssneeicitsins iigieiss.s eee eee 
PEE DOULY LG -sa.se.tinririwenneesedireaon toe HSZP | Mosophylie reeves. cre. aceseenecny: 126, 156 
WACROSDETINWIN  ccvseversucavecraiede sevens 423° | Mesopodivin ws--ceveeccpee-se-nstere eee 109 
Littorella ASUNASS) |) Metabolism | viccceuiancves-scccesneeuire 13 
Liverworts Metallic elements... 143 
Lobelia... DR CrODG ages deste cone esenn v's rote See 372 
Loculicidal Micrococcus ........... Tedseeaneaea heme 373 
MEIC HIG 2. on ocitencr ve-nvicee vant wcevvonens tee Micropyle of seed..................05 FeO 
ME Mice rcunwonwawnoaravberiuisa 243, 245, 359 ao spp OVUIG. Elite ctr 179 
BEGINO NALD. oaexcsastenceaosndeee ates 210, 228 | Microsporangium .... 271, 290, 299 
MATION Ce EIAG, 0 occces eo eee 420 MiCrOSPOLE. «660 recenee- 272, 279, 290, 299 
MP IECE TC Aen suc sb sosceneaceos eee 435,436 | Microsporophyll .............0.. 290, 299 
BSLINONU OL Ligenivccsvarcrsecrssserwenccnd esters DGS? |) NCLOZOOSPOLE = c. dovs von .cc veto deereere se 337 


452 


Middle Iainellaicrscateetaasson eosenese 
Milfoil 








Milk: tubes ..........0008 
Milkwort (Sea-) 
TAEHOSD eee ante coteinccdesnsaensssaMeat 
IN GBCDE IN ore oes eo senenace ener yesiseates 
Mineral crystals: 1.0. .2.cc.c.00 sesesssee 36 
%) matters of cell-wall......... 27 
Manticore, etek cccecnense ones 232 
Mitosis (see Karyokinesis). 
Mock Orange ......... ge cemteaeas teoRk oe 418 
Modes of nutrition ..............c0e ga 
IMOGIRCALIONG "incre co atnecre 
a of floral structure 182, 369 
Monandreeress. ces scp sears -scemetissane 241 
IMFOTUKSHOOGrcr ce see eevee ces fous cece 222, 223 
MOnOCaArpCllary ...<.:ccccrmenssedsn. assur: 175 
Monochlamydew ...............0 220, 221 
Monochlamydeous ............. -..se f 
MONOCINOUS pense e ect arse 16 
Monocotyledons 4, 60, 219, 221, 238, 389 
eS ; Apical meristem of 92 
ey , Embryo of...... 60, 204 
a , Exceptional _ se- 
condary growth in 93 
. | LR OL Tee a ae 115 
e | Root'ol S033 96, 102 
_ , Seed of ......... 60, 204 
» DbEIN Ofere see 90 
Moriceciouss «esata tis eveeeenyea 162 
Monopodial branching . oweeraly 
Monosteli¢ ...........:06 ve 
Monostely ............ 
Monosymmetsieai 
Monotropa .. 
Moracere "228i iicesans sees 
Morphin tit. ccas or haces saieeteeeeaees 
Mor Abolepinal differentiation ...... 6 
Morphology *77....ccs,corsseraereeaeee ee 1 
MOTUS FREE oncsc secret scncussueciaee ena 
Moschatel? Sacccccstmeeeteeres cena 437 
MOSSES rn prtcccs eae eae ees 4, 312 
Moss-plan bir sssesssca- arcane 322, 328 
Mother-axis fiers ccctecce.csseeevaseenen 160 
Min cilaee rr coca: ce cnssasescentoneas soto 27 
Mulberry 7 octcnenocssste eee 215, 402 
Mulloint i. chee avin. Sree 234 
Multicellular plants .................. 5 
Multicostate venation.................8 115 
MUSCIN Ghee wu.kacenseeen cass 4, 312 
» and V, Cryptogams ....., 328 
MUSHY COM<=S cinecccoceeen see eee 368 
Mycelium 348, 349, 351, 354, 359, 365, 368 | 
MYCOTHIZR Se trssve 0 BaNY 151, 3 399, 424 
DIYOS OLB terete avo desctstRaasaceee MEGS 428 
% Nake = COMBS SMa cece ees 19 
i IVGTOUSEUS = s anterreneee 437, 439 
Natural orders ......,,. 18, 219, a 
Natural selection ..................... 
Neck-canal-cells ..........,, 262, 317, 308 





INDEX. 














PAGE 
INGCLAT-CUIDS © oraussnsncesenan es eaececr acer 170 
» glands 48, 196, 310 
NeCUGS . ccncccnce3c betes se tatwence 282 
WWOVEUG sririncnansscdpenageetemehias ss sniniia ge 429 
Nettle. 3 .c.ccqssdaneaceeaborgere ots se-0ee 400 
Neuter floWer .........000--+ese0.- 162, 237 
DN SCOMUT IEG Mears rok dee ns aoc eke 430 
INSCObIN 0. -ccacaesosesteeenar eles aie 31 
DEG vasnic mat auantangaieseotete Een 224 
IWightshade ....:,..-.2>dearbiaesyesdtceseacs 430 
INIGEINCATIOMN™. ...,,. ---te+addacdeceanue t= 373 
Nitrogenous substance ............... 141 
NGO OTE |... sisecs cnt yeae eee 61 
Non-essential organs ...........:0.00+5 161 
Wormsl'S00te 92 conascsccoSe ceerens 95 
IN DGC TIS’ oesoe os once. coeemeeeenesaksa eee 179 
Wuelear Wise <c..- . os. ee seienteetueees 38 
js membrane .. 21 
BDINGIG.-.. ee eee 38 
Nucleo- hyaloplasm ....t0sesec.kse000-- 21 
Nueleolus” 0. .:.0.<acde aoe nea 21, 38 
INGMCIGUR: 285. oac cok dienes 5, 19, 20, 29 
5s 5 DIVISION GEOR. eee sees 21 
Batali er ses cae 149 
INTIOSTUNOT | ern ee ee 11,4130 
a OF A lates cic je. Steaeeee 330 
es Pedi gets) 7 peepee 349 
> Modes of oes 150 
N yetitropic movernents .............+- 153 
O .. 207, 221, 592, 397 
seshesacedeoeeean tees 207, 243. 244 
Obdiplostemonous ........cccecceeee eee 163 
* OORTRAPT fiowngscclestcnanneeee oes 113, 405 
Octants: ....ic-ce wees Gees 200, 264, 318 
COROECRETE, Basics snesasossexcessea eee 422 
SOG ee cose cena nae wei er seat oe 67, 68 
LN Oe ee a Sea upancarenceapoes 30, 36, 145 
"Od Man’s Beard *’ ite 
VOC econ ac caeeoeassdoaonecnc: ae 
WOTER GORD -sservvi-xsoeocer eee eee 220, 426 
CODY 0) cock wi acne dew erakinn shoe eee 
(napraces ChE (NA ieccte casecees 220, 421 
OGPon TUM wes eee ee 341, 
DOPE EI BIRR Sn osncnwcnaincn-hawannnneeees 2 
Grephere 40, 180, 261, 295, 301, 317, 324, 
33 31, 340, 346, 352 
Qdspore 40, 199, 263, 295, 331, 341, 346, 
353 
Open!’ DUNGlEs cc. ccincsnconsses senate 76 
Opereulum 
Orvachen’ Joh iwc nnncekoe eee 
CQ ATRAT Fone s sisask cea ther enen ee 
Orohid Re. ccs 
Orchidaceze 
OPChES ict cco anton rae 241 
Organ Pe os cicicd acs ccaseereen cee ‘i 
Organic ACidS, xc, .o<csanccacsevs 30 


Orobanchacer °275..<..:..ee oe 
Orthostichies 
| Osier 


TON emt Reet eee ween tnnwee 















INDEX. 453 
; PAGE | PAGE 
NONE UASI SES pes )c cea sat Sona cere ens ae 132 MAORI OU a doa seea se etotain ecu oe create 521 
WES ON eRe sete cans 00 ee OG OAD, GOT PEERY ERVIN fic scccceesscteccte veneers 318 
OPO oie c a scco necvsvauee 8, 52, 172 | ROL I EVs Ay ortiacticessoners ccs 164, 390 
NONE Var a nace nate ee eee POO a Om MP RGDUUAS TU, conescescerercntacatcece nse stee 352 
NPENIRR ERP stiont saeco ccs con PGA Goe HM MOLISHELII tccchrcessccestscccbonseces 202, 297 
»  » Development of ....... 291, 301 OVISHOMNG > caccccmirsccose tat oe 326, 328 
PeMMEeSLOPING OF m4 gcc occtasse ss oats 181 PADIS GEC. crea see cetesconeress crooecoee 262 
Po eMESOFUCTULO OL... ...-<c.enens 179, 290 Perinanent tissnes 40, 41 
OVIBTEVOUS SCAT... ...cececeesees oes Bee We MOunletn gies ego casvorericiecesssse ss 
Ovum (see Odsphere) ............ 40, 261 PP EMIOIUEIE. ose neise nrces ee eee 
URE ete Ae oct utter sere suas eer AT ale PebiOnOerne cate tee WN Gee  o.ce coc cy 
PN PRUTEGE Onc, Mette. copa cieee tee 404 , structure of 
Phicophycese 
(PHONTA hte e eee lO, cee I) Bhanerogzams.,. 
PAICACEOUS no - cane aancovseenke cu nee Phelloderm .. 
TLE ETE de aia eat be gtr eet 243 Bi eClMOR Ne... gc setvi ss scnwespene 
Palisade parenchyma _..... 41, 126, 156 PRUTATEUDNUS vc ccccsocecss oss cers GL GOL 
Nor AN Se clacton coon FA Lepasicene 93, 221 PEGA UCREN UME re hectnc secure. 2 crise cease 243 
RUT CONE a oe ee che ws sP a DOMME OCI ee ate ccc sok cect ak 45, 53 
PICU ASST EE se cccics ccenipraanse.s 008k 336 PeeMSDUTCMOMVITEL concrete cesses 53 
PAPC 5.208 daca ee ree 189 PRM SHCHTT ct oes eto ee 252 
AS Varn See ass cs 112, 196, 204, 407 Pe EVUIMOLV aces ceserccrac FOsou 
TALPRVOTACER: 4. Lop teatesenennareenass 47, 220 38 ; Secondary. or 81, 84, 104 
A IDUIG I CEUG 2 o-ccit sass, asereetacdeseen 227 | Photosy mthesis (sce Carbon- 
PSOE | ese oe cove enne sciences swsnnaeonenand 167 Assimilation) ..........0...0 12 AST 
arachita Mechanism | oc... 8es ss 216 BY COD IIL sc aarncintetccaec ern ice mee 330 
Parallel VORREION oo-...6s0-1.  ccamncsen Tose ie EEOC HUNG ereicce 002 omatessa 74, 238, 415 
APA DULY SIS 25.5 we denaivntannont DES AB. STG tl) VR GNOGE gece etcee sas scsveecseees aes 124, 228 
PAPAS ob Ee vio oe Aeeere ieee 14, 151, 349 | Phyllopodium 
Parasitic root .. ... a 98, 151 | Phylloptosis ... 
Paratonic influence (of light) eecee IM ATV RIO UGXIS eeccnccacoescc-sr ase: coun te 113 
Parenchyma, Forms of ............... 41 » Floral . ie LOS 
Parenchymatous Celle oe oe, 255 | PR ysalis Ree eate Sites csassnicire yet 430 
parctalinver. ..1..... eh, oe 28 Phy: siological differentiation ...... 6 
DA PECER HE... <<cccidss.cea-sethsonboanasvos AGO EMV SIGIOR VAs eae .nconaesoacennepencet 1, 3,5 
UAB ETA OU... ocsiesstie Jetes lon cenepe ATS PA GLCIUUIY Ta cc evcschxereccunapicnes 433, 435 
Parnassiek ...........60-. - wh ate. ee ATC Or CC AMM coat ai cccwenuess sera 282, 293, 296 
Parthenogenesis ............+5: BELOIT SOG nis RAR ADEIU DOU garerees: :esrscaloudy sat ason 336 
EEN Scrccsreseeccconiesne wscke'onl 227 eg TUE cr once seacenerc enemies 230 
Sige EME tig ooo e ese nseicle cove ik ade Piled.. »- 401 
Pearl-wort Pet rine bh 369 
Pedate lenf .. PAIMEROMUSUAVGT ..c2.ccarccrenroeicecatce 101 
SCCM nce oaccamseesieos ues ee Pimpernel 
MP CUIEBILICES BOs. 200 sate ceas es s<cacesasbipnes 233 | Pine-apple . 
PREGUITICIOscroyorcn.a-vcs. ov vseavean der enous T6OO |) Bink aay. oe 
PelarGontwn cicsvecssceeess 190, B12 Aba] AMON ca scnvenicorsnessones gamigntasitysa 121 
HEERECTUL UWE. soccsasenr-waearrvetyeareatnngs 358 | Lins... Motrin acc: ene Saree soiree ; 
BS PSEATUU VUE Eon amasoleemnienircnias mete sem cael ee 47 , , Apical meristem ...... 2&5, 285 
BUERESTCTILOW Sorc qcaueateeenententtencese ter 234 PE OONOS Of oiesccsssscrva so uaeencoe 
SESVOTATEEROI bcs. . ceo e vee wo) exceemnnnsier 68 PPRUIN DL YO OL, Sree ssose sc lovanes 295 
SEETETITaVOMMeR ccs kese wees ot 66 » » Flowers of ......... 287, 288, 289 
Perianth............ ... 161, 170, 299, 389 as PP ORR i aes 297 
Ree OCH eT, << steers calves BY 79, 82, 99 », , Gametophyte of ........ 292, 293 
La COUTTITUYN esc 2a 220 api deneeye > 100 ae Lent Of Rene, secant ores, 286 
_ Functions of AT si * Life- history Ol nena sane 
REOTICOT Peete ate eek aetavatanelas 55, 205 i ; Ovule ORE nessaenees vtec venient 290 
SEAGTI CUE CHU 21 sate cttetccmw calc tie’ 316, 321 5 ; Pollination in ............... 291 
Per icycle an ’ Seed Cea aceecesecta ieugeteien | 297 
54, 81, 82, 99, 92, 100, 125, 251, 285, 287 i * Sporangia and spores of... 290 
Pericycle fibres 0.0... cece vee 86 Be Sporophy toon ceneusen 290 
Functions of .....-.-...+: 107 » 1 structure of root of ......... 285 
BONN iN loresaerseatzce reece 88 es ” » Stem Of........ 282 


454 INDEX. 























: PAGE 
Distt l Gn Pasnew seccchaccan yeseesern PCW GS eiteie izenen sp eiseer nano ineee 8, 52 
Pistillate Primary endosperm .............02. 294 
Pitchers .. 4 < SHO@TIBCONN -cseers atta 40, 81 
Pit eeridaleesenese os ose , 15, 81, 82, 10¢ a OO, ates cesaree 264, 297 
Perea ey ences setter ccreeece ses tetamncsen 24 SECU ieee eee ee ane 264 
Pe SOTO CLOU. Mrgn teens tsps: 25 Primordial cell ........cscccccccccce00e 19 
Pitted thickening ....... 24 i AVUBHEVE ioe cc ats coches tee 29 
Plkcenta oti ie Boerne 176, 256, DEO PaaBUNE iol se seater eer ian agecemaane 231 
PISCEMtAGION. vrravecscsvancseesescsspenshiy 176 Prayer, .te- sep soa coranace 220, 231 
, Forms of... 176, 177, te IY rivet sees eos aaa eee eee 426 
Planogamete eae ere eerie 337 Procambial strand .................. 80, 99 
Plant and Animal ......... 11, 12, 13544) }\ (BEO-ompryOp gemsureeeeess- ea locdeer aos 320 
Barta giA COs soo ercr cere -cseraas 221, ‘431 Promycelium Sik SS Pe en Oe eee 353 
PURUHRERGO iss aelacseausstleeks 195, 429, 431 Prosenchy 2D ctor cok aay eh 42 
Blantainiaeecce sets cccnscssepee ta tacn ss 431 | Prosenchymatous cells ... ........... 23 
Plants without chlorophyll... ... 14 POLAR os. eee tan gener eee sor 195 
Plastic substances ............ 13, 50, 145 Drotei Gres. ene se ee 29, 142 
Plastids ee = stulloids .............. oe 
Plerome IRIS Fists Fes apes, 
BlCUPROCOCC UR At otro haccsscateucens 5 Peothalias (prothallium) 260, 269, 270, 
BE eee ee eee ree tea cecin ns nate 229 275 
Phionule 25. Fees stanee 56, 57, 296 as , Female... 270, 276, 295, 302 
POG cancer ten RO sete sscing fe Tee 245 - pe cA ee 270, anT, 292, 302 
POG Fines cian ca een Game ce ener 208 ie , Reduction of 276, 279, 304 
Polarnucle. qemdenmte mie oe ue Protogyny. eee eeeaenece eee 195 
POLST OSS ro ce cance ae eter vat ieaas ane 62 Protonemat 2 poet 320, 321, 328 
POM eI ee aces rie Aetees eee eae 174, |). Protophioeme sea ee 81 
os 6 SVAN ...:...000. L7L, 279, 288, 299 Protoplasmipeetsc ie... 6, 11 1225 
set PT ESAG ste cesceemednete tees 171, 2&8, 299 , Continuity of ............ i7 
af », » Development of... 291, 299 Protoplasmic strand . 
PO EsUCLPRCS Me ereee te ee cecnar ea 425 Protoplasts = we ee See ees 
Map aee LUDO 's, \c. ccscceokuns cuenta tae 198" 4) Protexyiem.--.c...-. 22. eee 
MM ELOLECHIONION 2.7... 399 PP UU Vartan. te eee eee 
Pollination Pseudohulbiwces... ce eee 
Pollinium ..... 174, Pseeudocarp.-.c 7c: BE oes tte a 
Pollinodium ........ ceed Picridophyta ces. 22 ee eee 
Polyandrous PECTTG GORE ce err Se Se eee 
Polyearpellary .......cccceceee 175, 170: | Psa IZCANG OL nee eee 
Polvempbryony ao. se cette ee 296 Per SLOlOS Ot chee eee 
Poivgamous.c;...0 8 eee 162: {| Uys, Sete ee 
Polygonaeers jcc eee nn 2207-405) |) Enllulption >. ee eae 
Polygonaluntns. ee 200) Fel mOnaMe: <0 ccns e eee 
BOLNG ONAN wi eccna ns ne ecne Reece ORs UE IVI ITS ta. ea, See ee 
Polyinerization ....... terete generar 133° |. Butralaction \..05 en eocaw ee 
Polymorphism............... 358,005; 014. |) TAVNENGME cco Arete 
Potypetaleo ioc. dunks 220, 390, 404 | Pyrola... 
Poly petdtlous mses ste eee 168 | Pyrolacesx .... 
Polysepalous Toa cuaae ns 166 | Pyrts ....... 
Polystelic }) UEh ine et ee ee ee 4, 350 
Polystely .... 2 , Sporophyte of ............ 353 
Romese ce Pyxidium Rees Aisennccicsetonnens 209, 231 
ROplAreemermonceccnrrtea re eertee 
BOPP Yse er cee cee tice ee 
Populus Coen? US (see Oak) ....000000.0--- 392 
Pores of Marchantia .................. 314 Quincs ie Se eee ances 214 
POroga instr tcc mete ees 199, 399 
Posterion eee oe Ba 160 
POU tGcs Seats ca eR rea aati 72, 430 | pha tect otanee eon Serena enone ne ceentees 185 
ROLercunt cement arctecs Deseret 230 \ Racemose branching 10, 64, 65, 185 
Prefloration in ease teen 122, 170 inflorescence . eens 185 
} refoliation acai Tagen tee MRR es 124 | Radial symmetry Saenon Remaaae er tetee 9 
EROSSUTOR tee wc eee ne 149 » vasewar bundle ............... 102 





INDEX. 455 
: PAGE AGE 
PRION <5, 3c cesnccsansuasnes anos stecon 55, 57 | PUOSELLOO bes senmnieeaeenenacruntsnae eee Fi 417 
BPC TRODI oo. cocacesnneeco een Bey PRO ONNOD cscs eseocsen cag RE 241 
PROGID, 5 io ncak acs cancahele Mmmccetnte 249 ; Rotation of protoplasm ............... 148 
Raumpion .. Seat. ae w. 433, 435 | TCO US? 1, Me Ae Pee. 219, 229 
Manuncnulncerc ......... merolmeconece. | eietmear... cena. LS... acces * 404 
RANUNCULUS oo. ec cceeeee senses eeeccsee 223 | Runner....... .. 4 obtener 67 
PRL AEG ces snccseeaieer ate EEE ce-=2asoynns com FOL | EU SOAIS eet cree Giskiathcuctecczcione: 74, 238 
RETA EEO sasha «cian ene nn, 36 | Rye-grass 243, 244 
Raspberry ...... 214, 219, 2 
PEPRWALLOREES, coccecoenn can. csonnswanste 237 
Receptacle of capitulum.............. 188 94 CCHAR OMX CESS Pre 4, 364 
be eet WEDS care snr cicciasionic oe 5G) | Whee Sats. esc svesa,.. ML 48 
Bs ;> Jurchantia.......:.00 313 OT O acc camiaasiosnihess naersted eee aeRese 
IRSGEBLIVG, SPOE cc 2. -< aeons ceene 341 | OUILCRCOUE cess tensnsvesenseecesees 221, 237, 399 
Reduced stems ........ .......-.5.... UES) [MOSUL COTE ce o-oo. eee *403, 404 
Se UU SL 2 ran chy cata bevveeseeaager cen: sigeee ae 237 
Regularity ...... ... 163 | Salsola... Loses nest Sean See te eS 
Rejuvenescence .. TO AOD MA ROMULUS. sta a ecienan ha nqebcaenscatas tL 
Relation to environment ............ 15 Fe ng AN SOMIN GL a meccevonnies seme nee 133 
Relationship amongst plants 305, 347 PAULL -AVOM Di cnaemhincsusrhvsntedee-cncmerea nice OO 
PRED INN. ...a acne ee ees BANOO MMS CL ULCe ccsnonaleteaineion actions teacceyues 232 
Reproduction by seed......... ........ AGS S Mme AAVUMa len aass vests os veren ever ter eet rte 207 
, Methods of ...... 15, 266 | NGUGNCUS ... cossvesscaceesnseweseas 435, 437 
Reproductive SHOMINEE.. 5. 7, 2590127 § OSATMCWOLL © 5,5. cedent) eto erties 
RESTN a... bes -seucty ie .. 31, 36, 146 | Sapvophyte ... _ 14, 151, 239, 549 
wp eapissage™...02...5.. . 33, 48,285 Saaifraga Sai asteaee .. 418, 419 
JRESDIENCION (22... eer) 13, 144 Saxihy mee SHER rae ore ReON ALD 
Resupinate .. er 240, 434 Saxilras BOC asaar cis etenchttasrentocc 418 
Reticulate thickening 8 re Sere. 24 | Seabii Mis Wap soateLvinatenmenae cee cere a 433 
es venation . 114 | Sealariform a FOB ey 8th 26 
SERENE ec oan eee eemcnsy. oe 405 | Scale-}caves ca 63, 110 
MODE SCE VAL HACE IA he colic «pus. earth ena DO) MMC Sor as snanyrras. ics sivnes von anata: 160 
Rhizogenic ON faces cen ena teens 254 | Schizecarpic frit’. oeice. of 205, 210 
BUTE ZOMG. sete es! wns 260, 312, 320, 328 Schizeexsnous formation............... 33 
OTIAONIO oo oases saetore 68, 248, 249, 250 | Schizoniycetes 00.0.0... cee 371 
ASAE HOVES 5... sc 2accyReSme ve. ONL c. on LEN WESCIIZOIE IY LA Meaincese cacssu nuevo -aniiaatte 372 
RROGOdENATON ,...0..00 2 000 vvee QQANA25 | BCHIAMCOIE: 35/2 c2c5<..cssoec des eyseeen tes 126 
PUNO ODT VCONS ee owe cae cna nestonnr eo 330 | Schulze’s solution.......6.ccccce eee 20 
BEN UOUD Goss os ee OER SCM ce. ci nisewsta ts eee eee. 239 
ED AO eee: cede fem 418, 420 BClOrepch yi. jc.isccsres ed Geta 43 
WME STe tes Chseteeet, alk asukhcnsecne oceoee 418 Sclerenchyinatons fibres .......... 43 
TSS, cas.c. IS 415,416 | Selerotic cells ........ ce miseen 43 
AINE TERE es tos scans PS ER oe 227, 228 | MOLELOUT UTD aor e niin sendin deen 359, 360 
COCK TIATEES 7.5, ceaabvsse teeteeneey 157 Scorpioid branching...... 0.0.0. 
Root... : Bs 8, 57, 95, 155 3 YT wed, saeereue ation. Mamecmten 188 
Py -absorption dane UDISNOS, WERGCOLB OL LL, seciuc ua veeserb.ceoeeuasiercee 4, 261 
WEED LA Susaslbwecs SMe tN tier o> 95, 99 ONO PIULATER ss cccuictetvectaitns seein 234 
Cre en ne eal Mee 4 334 | Scrophuilarince: ends ema aregO 
BRL recurs sat. 52, 987133; 260,512 |} “Seutellum .. ... ....ccccanccensersnen vee 60 
P SRPOSSOPRE We cevsvabeveiscaves 135, 137 RAAT ITEO. “icentvnniwnatocilsiaswnapctears ctr 403 
Rm IROCCSS fan, usnscavivarectecotbs 338, 342 ECAC dctisnczdaecnavecencccet eee tone sete 359 
ME SCOCK ears ise Pa eon ens oa 68 | ‘Secondary cortex ........000-05...0ee 8&8 
., -buber.. Ratede 97, 222 e growth ...... 83, 93, 103, 283 
os , Adaptation ‘of. wed WOE gS ae MCristem + pve wenee 
ee Branching of; eee 95 °F MMICLEUS Hosea 1890, 200, a 
- * Development Of ART: 105, 254 E VOOCS seessereeeeseseeenrrens 
et Ox MS OL or ices deer eee 95, 96 i IW CTARNG) pec enopdeg soubucca ccs 83 
» » Functions of 4 Seeretion ..... .. serentestasirenner 13, 30, 146 
a * Structure of iy PUCSELVON cosacs tapetance hte 48 
OSREC OIA. scccmavesicncs cane e WOGUTOTIS Mee rere tees ee deesoente elders 285 
ROSEY Ree RCCL ALTON orcs hae metre oa ise A eee 417 
Rosemary 1 SGA Pe vvscsesus AR Oe 55, 201, 304 








4.56 INDEX. 
PAGE PAGE 
BeGd-GOR Uc. cos: vas saassaseemnateiues ene 55, 57 SPeCllS ss aarti egeee -nakenncaes 219, 306 
DCL GUAILG, sx. ceeco esses vanes + 4, 268, 270 | Speedw CLL, che hapa. x oP ee 234 
a , LIDDY Oi OL penton ae aes SUT | SPOrimA VUE, <ss-nccacnarierscrenesonke 2 4 
a , Gametophyte of .. 275,279 | Spermatocytes . . 261, 316, 323 
= , Sexual organs of ...... 275 Spermatozoids — 
- ; Spor pnae and spores 261, 263, 276, 309, 316, 324, 340, 346 
soutien cee nateee 271, 274 in Gymnosperms ... 309 
, spor ophiyte a Of” sa: 270 | Spha CUE iid ssn sac: aces a 359 
Self-fertilization f Ps Sphxraphides 2 
>, spollination ..........- Spike... 3 cack ecqnncst~~a on cemas Meee 1&6 
Seminiferous scale SPIUKGICE: scacns.., See Meee .. 243 
Semi-parasites 20... cece. SPINA CML sees ose PRE acess me .. 404 
SEMPCVUIVUM ....00ccrrecrerrrecreereeees Sting<ci:5 setae. 73, 113, 124 
WNGNECTO oi titc cn dnnntesiccaensnseeet sae IDET BOY. sacais siea'ss aakdare MAS. See 229 
Sensitive Plant Spiral thickening ........ 2S 
Sepal . Sn eae 158 Spirill MEIN sacks eed actor eeake me ee 574 
Septa, true and false .................. 179 | Spirogyra ... ssa - aan 
Septicidal Se ect ee 209 2 , Embryo of a 334 
epiiiragel eso, cscs tceeke esate ey 5: é - » Gametophyte te of . 334 
ELIOT —. crccsuievscciececpmaeecbeceeeeeee 219 | Spongy parenchyma... . 41, 126, 156 
Et oceans cr naes pinmeenens aa; eon 321, 325 | Sporangiferous pike: 2.:...%., ape 
Sexual organs .. 261, 269, 275, or 330, | Sporangiam 
344, 356 256, 257, 269, 271, £9), 295, 352 
5, __ reproduction... 15, 193, 261, 266, , Development of ..258, 274 


330, 332, 337, 340, 344, 349, 352, 356 
Sexuality, Origin of 338 








Shepherd’ SPP urse: co. a 
WSLIOOE,. Fipr.cccssenccdessese>,tss-3 See 
Shore-piants. o--t.cosscsnen cect eee 
POve- Weed... ..scctenenct pene aeee 
Sipyesplate......,.21.2+.:25 40, eee 45 
Py TWISSUGE a atne nage enteaconacrentn ae 45 
pubstubey ... sic. ase 45, 143 
DSZLENE  wasscnsic thee acne on eee ae 225 
Brlenoidese. -5 cces.csv orcs Meee esas 225 
INCH oso cursssteccertcnelot, soe 27 
SikiCTIS tee. cccccetet oases eee 209, 226 
SVU QUE Co ce enstsesscsisc eee ae 208, 226 
Similar members .................. 8, 10, 16 
SUMPIS ATUIES)oy,ss2: 11. 205 
by. LOB V OB ais, Hen ane cenit 116 
Sleep-movements .............0..05 228, 414 
SMUT .......c0sc00 124, 238 
Snap-diagon _\....incce-seeeen eevenene 233 
Snowberry aas's age grneicona ss MONteCeceaiean 437 
SHOWOLOD. ec eee 937, 439 
NBOWNGKO oc cccnrccce--a.e A 437, 439 
BOLUIDASE vc... cots on SeeeeenE DoE OMeL 
DOWNIE eee. eee 220, 429 
POLAT) Scere. ene pete ee 430 
Solomon's Seal i aie 69, 238 
SORCHUS So ei he ee 235 
DOTOS)S: Saitek a ee ee 215 
1210) 903) MPAs on. egies 404 
SOLUS. Ur... cnn 256, 258 
MOwW-UNistlo7 5. re, een ee 235 
Spadiciflova weeeen. ear 
PDR ite x e186 
Spathe ees. | cs kemerdeee 186, 190 


Special mother- -cells.. -259, 279, 291. 300 
Spee Ten: 


eer e reer senses 


Spore ... 15, 256, 257, 266, 269, 271, 
290, 299, 319, 527, 335, 374 
», -mother-cells 
258, 274, 291, 3CO, 319 
» ‘reproduction ... 15, 265, 365, 374 


p5sh ME, Gaines, «ws OR PE ARERR Son erie $25 
SOIC acts ace cc ea eee 357, 363 
Sporogonium ... 313, 318, 521, 325, 326 
Sporophyll............... 259, 268, 290, 299 
DPOLODNVEG, ooh osaceces ne 265. 3Cc8 
Spring WOU iik....-............ ne 86 
Spruce (see Picea) ......... 282, 293, 296 
PDULRO Pe isod ccuentvigtes ee ee 47, 415 
BUYS. co sccieadean, o.6-50ocey see 196 
; a aha wcueen sscdes coe 282 
Cedkinen 7 fee 295 
Shane apWaleccertaciectoss 158, 171, 282, 299 
Stamens, ee eer Cire ee 401 
a sLiPite ble © eo aceeeee 155 
Siuminnte "0... eee 162 
Stimimogem 2, ee 172 
Sta rehh ccs ences cae ee 30, 138 
= ‘formation nan Inebcosreeoiaeia eae 145 

e. PATE Taye ene ere nee 34 
ape Ox Be Se an ee 76, 126 
Stele .. ; . 80, 22, 83. 102, 250 
SS « amma tenes docert OT re6) 155 
» 3 Adaptation of...... 66 
a » Descriptive terms for........- 61 
a 5 LOTS’ OF ee ee ee 65 
‘e > Functions ORs Reet: 65 
» , General characters of......... 74 
Stereid bundle .....000..000..00. 43, 53 
Nterigma.-). os cee 326, 360, 370 
Stigiia: —cscceasncsn, ace ee 159, 175 
SCimiMusl eee ee 144, 152, 155 
eae TWA aha gue vaesectn gia necneee eee ae Tae 369 












INDEX. 457 
PAGER PAGE 
Stitchwort ..,... Scebkaanenecuies Saaenvssaee 225 | Thalamus .. 74, 158, 164 
PREOOM <5 ss cca vas sacecevans wee Gtnenaanweneee cee ee GR CLLCET IRN Secchi e eens ones ae 224 
Stolon seg tincaecucvencarensntecenunce SENAUOPIG TD cawees see csveaess 4, 6, 330 
RSUOMIACG . oc oncsscasexeseess 50, 136, is as Thallus.. 6. 312. 314, 330, 331, 334, 338 
Stomatal cells .......... .. 49, 50 342, 343, 348 
POPCSTARN ARERR non saan Ste ome esate Nemok wesc Nel MOOS Tacit a,c te cide cat cons ERAT 32) 
BSEONE-COUS .....oatustsnicete tease sass 43 | Thickening, a ues Ol icegeuscr concen 23 
PORE ESE ONG oe Sone unos pcncwansenvs 3; SEE 417 PERUIStIA.ccsscsc: 5200 
Storage- -products ............ te Ome | CGMODI omy a snussitensses so evecsetee ee 73 
BURN SIBLE oe 22 ean < 412 RCI Gow uosncccesswars sa vapdewac alsa 430 
PREREMOGOINY. 2 conc. ances vc adeceee ee Oe A MBAN VY IGSIS, 0 ob hos, 0.0 ose senpasen <Seeeeeee 150 
Strengthening zone .........-..-..-----. SUASING he a Sh cinnieasicwstetowenvee caaeuiei 232 
ng i ee. ee 215 PEM VaIS US pemeernner Rese Sac crcgcccsewasvciees 189 
BR PORTER. G2) a5 5c; <b CINE NSERC fesse 359 ELE ra cecp nas seek SOS REE ee CS 411 
Struggle for existence............ 216, 305 MUM C COANE Peet occ ciwacessansteesssateicse 411 
SR a ee nee ee 159. 175 Hamothy Grass: -...........8eeeme 245 
rere Es PONE ono cist vung sancucses ad TISSUCSEY STCIUS w, a case tan eect sckeveeee 49 
Sub-class .......02...000000-- : PUSS UES cena gages anaasn sans REED 40 
SPR ENERS 554 oan, nssonsyesnxs eeUSeR eae »  », Differentiation of ....., 78, 92 
Suberization ........ »  » Meristematic 40 
Suberized tissue ... > Permanent ahaa 40 
Sub-hymenial lay cr. Mural Aix J. Sie abomeictgliet cred 234 
RENAN ooo reenter sn sbaces: Plane ..-s1etsosesscce cose: 430 
Baibstdiagry Cells ,o...5..c--s-rar<--5-0 ae BN LOIN AL Oo crsrs nc cososceeceeceoveeereotacraee te 430 
NUCCUIENL ITUIES .........0---serearsenes 208: | TRhorula....,..,...amketecpae- scene oteenrtt 358 
Bb x» » Evolution of 310 | Torus of bordered-pit ............. 25 
BONOIBOT oe 0) ooh saccacnecnks2-- gees 67, 68 Ree NOWOE. ccscta. ocr eee 4, LOS 
BRON 8 cs veen a laccosiwc tenor Oh Soesondas | Wracheal tissue: ...-..<-.2.s000.mireite. 44 
REPUTATION OY pe) eee coc cesnss<-ase onto ne Boo |) irazheidal Cclls.:...2c,«mtrerd aes. 287 
oa Sced and fruit of......... 55 MUTACHEIQCS oc scgccsce008 ea0eee nae 44, 284 
Ly SISTED OL ius cs isanwase ones Se MIT, ey Became ene rib ENE e ve cnn eoseas 364 
BUDOLION CAIFX cestode bese ieseceoebed 167 | Transfusion tissue ............000....-. 287 
OVOLY <coa00 OL. 179 | transpiration ................. 14, 136, 137 
Sur vival of the fittest .......0.......... 306 - aCUEPCIIG 2s coneney caren 134 
PRIN ICOSOR Mn ivacccsersernsescn 260, 202, 296 | Trichomes 
PpWeCh Williarn . .. cvcecseneesscnneees vere 225 | Prifoliunr....-c..-0255 
PS VCOUUS, covasevne. se ocrces tects fonen ene BU IEC UII cso o-yxsn<as+ tos BRaae 
BVT PNOSIS doves conrwint-Mavittes & Ieeps.as 151 POUCHES: 2 ocrccsucdenssiersisesssoss+sfTOR 
Symmetry of members ..............- 9 | Tropxeolum 
zs PB OU al es Meeree esha dnesocce 164 Miwa SXWItS 55. .asasnenccctsaees shes aesey ems 205 
Synphoricar pus ieee sk ascavakireneep Re BST A) ATR op wseseceraeaesesagereguateive O88 61 
BNG/FTL DILUT ALDER armor vacp gy cuareann cas ver 428 | PI DORE BIE o.oo rien us ooepsnenented sts Ti, 97 
Sympodial CYME .......--.eeceeeeeeeeees PSU MN AA AN OTIC 3, 5. .c2se..suue eee ome 235 
BEC aAACNILEDD eee seoeeeecreccacescres ce oosaece GAH eUreiditys oon n.ne-os 133, 134, 149, 155 
By CHE plete este teer rests oesaosseesenrees ZOOM MME D: Sen eaces. ode ede 97, 226 
BV ACATOUS fan erecsuroryeweroanFeosens-ss os 176 PU SEHATO © posers denetosaccuuiss Sere 236 
Synergidee .. 189, 198,301 | Twining plants ............... 66, 227, 402 
Syngencsious stamens... saaepesitwa ee 173 as SECTS. cccrsncssnenosemncsoe 149, 155 
REESE ncecen saeeeeateniiea. 418, 421, 427 
l LPN ne doc oe ea ceetinesees ss aseeees saat 227 
Agni NE Oe cccccs crane. cvdesernts 33 WING CONS Barrens ceenesacenss 221, 402 
Tapetal cells (Tapetiuimn) 258, 274 AT UGTUES! (SEO-EAIN) seneeracccsne-@e ates 402 
: 1, 300 TMOG «estes Pech eis ieassnaescande 4, 334 
BD OOUL. cnsxatecse sre verh ceecssapesen-vs Oo 96 ae) 6 Gamctopuyte Of -.....0 335 
eer enacun Rohe neenas aes Seance d oc Getaee 235 fae ’ Sporophyte Ol cece 335, 337 
Togmen... EMME LUTITG lect cevsceeehnrnccroanen sr 1sere 187, 230 
Yendrils .. 16, 67, “72, “98, as "124, 155 Wanbellilerse: coca sescecenecseeres 220, 230 
Terminal buds 62 Underground stems .............22 68 
BROSERS vues onenecerscccen: Unicellular plants .......... ai 
Tetr eee Unicostate venation .............0. Ls 
Thalamifloree .. Unisexual...... Bae reer ene ckeaesac 162 





Bot. 














458 INDEX. 
PAGE | PAGE 
Untica ........ gieseierrevsivresdea atte AOD) |e Violet carnaassccncverness 172, 197, 210, 407 
Ma GLCNCONS ecaes ve. fedaeercecceranss 221,400 | Viper’s Bugloss <2... cccsssetesssesseeoaee- 428 
VALE. ook acecsotaeberabes vote eatioaesstase es 230 
VACCINTUM aie eto Cah ee uses vn 424,426 | ; 

VACUGIES sscncaceestgivassenstionnat es 28 V ATL- FLOW ER, cscsss000-cssves os 226 
Viaginitn  sdecsrevcvensces notes oa. eeeeempares 110 Wall Pellitory.-..-f. eee 400 
WGC ART Garon rece deer ceec ar eniaca sa eceac: 325. | WV alii). adcecvotous st ecavev ape a oe 212, 399 
Via vin bid Nay sav evascesesehesteraabes sce teen sce 306 Wuter-cultuve (2.1.. 832s ae 132 
Variations a -plants eaaws s6csaeensdeie ddsctuet-ea 156 
Varieties ...........60 i Bp, MADOTOR: 55s) cckasesses saanacee te 52, S 
Vascular bundle ...... ‘53, 75, 76, 83, 91 ., -=stoniita 2.2 Baan 

Gi , Development of . 5, +p Ascent of... 
Vascular Cr y ptogam Earnie am , Importance of ads 
and Flower- W ‘ayfari ing “Dree: Sen, Te. 435 
ing. PIANt «ic, Re 0a) ji WWeRRISECIS > | dt osscsesers aceesneeee 66 
Vaseular Cr yptogam and Gymno- WHEAT oti .i cies cestelsatac 
SPCUAN Merseerereccaataste soap saged te ee 290) | WOT sna cee career eee ee 
Mascularipliaral'Siereen scot ne sere: = <0-8 18; | Whortleberny jy----caccy--ct.esare 
- Systeme. f ticce.. 49, 53,82) iy WilloWites- ate ccci sss eecese cone, 
Vascular Systems : : h- Witloweherb. cn... © 
Angiospermous leaf ............... 125° je Winteriherry: 22, -eceie eee 
TOOB IME: Fie 100 sy | STOO! -Srtengsn 2 eee 
Aspidium Phe i RR ee 200’ | Wo0d =. Siete eee, eee 
Dicotyledonous stem ............ 76 Se ALOR res, eee cach ete ee 
Monocotyledonous stem......... i) », ~parenchyina 
LIZ LIU TS We cadateste wakes a 283 » -vessels ooo... 
Plteris ..... 200° | “Wood Sorrel -peeceni cageed sa ae 
Selaginella .ceccccccceccccerccen 272 W' 00d binG peti 4 n.s cae ee 
Vaucheria + oaede: ie ea ne 4, ae | 
ametophyte of ......... 8 cs zs 
Vegetative cell... 197, 292, 302 oR THOPHY Ls. cane 140 
45 reproduc tion 15; 192, 259, Xer ophy te See 156, 239, 417 
266, 322, 365 | Xerophytic characters ... 157,298, 415, 

os SLOG Fn.wteeen eee te 259 A19: 424, 432 

Veins of leaf cs Sowaninok cee eee 156 Xylem <a Sue when e Reet sent ee ee ee crates 44, 53 
Paps un clini Ol-2:rcaties voce ee 128 » » Functions of . 134 
What «<i anicdoasedetecesben ge, ene 240 oo a ETUMBLY neces nan athieaw 76, 81 
Viel uum iets eee ieee ae ee 369 » » secondary ............ 81, 84, 104 
oe of eee sesebiusistantt ae ote 114 
enter of archegonium ..... ... 261, 316 
Ventral canal-cell.... 262, 296, 317, 324 | WY EAST (see Saccharomyces). 
ra /@'Yollow Rattle i. ccc martes 
5 SCAIOS, cs anncadajauicete eee aS | Vow 2 
Vovbiseian 4 te co io 280, 288, 297 
Ver nal Grasse ee 245 BERN cn sins aN wGE SRS RRN PRS ERG oSaeehn en al > 
pomation Salata GOunop dehiscence 122, 123 
CNONICHM «54 tiassekcice, 234 | PA eae 
VGrsntile scores duidsezoden. Mute 174 Z Mr LOOCNOCY LC «sss svvecsevree oa 520 
Werticnlesechions' &...s.ccamten iene 182 Zoogloea ... ahah keene 374 
Werticillaster) ss.ccsesram ences 190, 232 Zoogonidium ie ae 335, 339, 352 
Vetch. aah sseey ntuyddnvelcnsalbne eee 32 WOOPHUONS sc cde0cdyescccncee eae 194 
ot CHUM. cunanswnavevenvitvickadtereereene. tee 227 ZOONHOPG Mer SeR ah, 335, 336, 352, 353 
435, 427 | Gygomorphie symmetry ........... 9, 164 
LCD. da ape San enivantewaiedctinaawe tute Meee 227 ZYZOSPOVE ......seeee. 40, 330, 335, 337 
196, 407 LY BOG RRA ere aes 15, 39, 330 
«» 220, 407. | Zymmcencisuuceaaunaeee 

















Lightning Source UK Ltd. 
Milton Keynes UK 
10 October 2009 


144800UK00001B/32/P 9 





tn 


1409 726760 














